

NASA Technical Memorandum 58219 


The Effects of Context on 
Multidimensional Spatial 
Cognitive Models 

N 79-28045 

Unclas 
29222 

Edwin G. Dupnick 


• (NASA-TM-58219) THE EFFECTS OF CONTEXT ON 
, MULTIDIMENSIONAL SPATIAL; COGNITIVE- MODELS 
; Ph.-D. Thesis - Arizona Univ. (NASA) 229 d 
ac A11/HF SOI •' CSC1 05fl 


G3/81 


May 1979 


NASA 

National Aeronautics and 
Space Administration 



Lyndon B. Johnson Space Center 

Houston, Texas 77058 



NASA Technical Memorandum 58219 


The Effects of Context on 
Multidimensional Spatial 
Cognitive Models 


Edwin G. Dupnick 

Lyndon B. Johnson Space Center 

Houston, Texas 



National Aeronautics and 
Space Administration 

Scientific and Technical 
Information Office 


1979 



TABLE OF CONTENTS 


Page 

LIST OF ILLUSTRATIONS vii 

LIST OF TABLES , ix 

1. INTRODUCTION 1 

1 . 1 Summary 1 

1.2 Cognitive Models ..... 1 

1.3 Context and Cognitive Spaces 3 

1.4 Study Organization 6 

2. EFFECTS OF CONTEXT ON JUDGMENT 9 

2 . 1 Overview 9 

2.2 Context 9 

2.2.1 Context vs. Situation 9 

2.2.2 Characteristics of Context 13 

2.3 Context Characteristics Experimentally 

Investigated 16 

2.4 Context in Judgment Tasks 17 

2.5 Spatial Cognitive Model and Context 19 

2.5.1 Origins of Spatial Cognitive Models ... 19 

2.5.2 The Spatial Cognitive Model Used in the 

Present Research 21 

2.5.3 The Relation of Context to the Spatial 

Cognitive Model 24 

3. LITERATURE REVIEW 27 

3.1 Introduction . 27 

3.2 Review of Specific Studies 29 

3.2.1 Variations in Skill Level 29 

3.2.2 Changes in Stimulus Attributes 30 

3.2.3 Context Confounded With Stimuli 32 

3.2.4 Variations Over Time 34 

3.2.5 Specification of Stimulus Attributes 

Considered ........ 36 

3.3 General Review Observations . . 37 

3.4 Research Objectives 39 

iii 



TABLE OF CONTENTS—Continued 


Page 


4. EXPERIMENT PROCEDURES AND DATA ANALYSES 41 

4.1 Overview 41 

4.2 Procedures 43 

4.2. 1 Dissimilarity Judgments 43' 

4.2.2. Attribute Specification 43 

4.2.3 Attribute Ratings 44 

4.3 Analysis 45 

4.3.1 Construction of Spatial Cognitive 

Models 45 

4.3.2 Comparison of Judgments 46 

4.4 Cognitive Space Dimension Labeling 54 

4.4.1 Linear Fitting 56 

4.4.2 Monotonic Linear Fitting 57 

4.4.3 Nonorthogonal Labels 58 

4.4.4 Cognitive Space Labeling: Quantitative 

Measure 62 

4.5 Summary of Analyses 63 

5. THE EFFECTS OF SOCIAL ENVIRONMENT CHANGES 

UPON SPATIAL COGNITIVE MODELS OF TV PROGRAMS 65 

5.1 Summary 65 

5.2 Experiment Background 66 

5.3, Method — — . . 67 

5.3.1 Stimuli 67 

5.3.2 Subjects 67 

5.3.3 Procedures 68 

5.4 Analysis 70 

5.4.1 Construction of Cognitive Spaces .... 70 

5.4.2 Comparison of Judgment Data 70 

5.4.3 Master Cognitive Space 78 

5.5 Dimension Labeling 81 

5.6 Conclusions 86 

6. THE EFFECTS OF CHANGES IN TASK PURPOSE UPON A 

SPATIAL COGNITIVE MODEL OF AERIAL PHOTOGRAPHS 87 

6.1 Summary 87 

6.2 Experiment Background 88 

6.3 Method 90 

6.3.1 Stimuli 90 

6.3.2 Subject 90 

6.3.3 Procedures 92 


iv 



TABLE OF CONTENT S~C on tinued 


Page 

6.4 Analysis 95 

6.4..1 Construction of Cognitive Spaces .... 95 

6.4.2 Comparison of Judgment Data 97 

6.4.3 Master Cognitive Space 100 

6.5 Dimension Labeling 101 

6.6 Conclusions 104 

7. THE EFFECTS OF CHANGES IN STIMULUS APPLICATION UPON A 

SPATIAL COGNITIVE . MODEL OF -SIMULATED FLOOD .HISTORY . 

.PROFILES 107 

7.1 Summary 107 

7.2 Experiment Background 108 

7.3 Method 110 

7.3.1 Stimuli 110 

7.3.2 Subjects 110 

7.3.3 Procedures 112 

7.4 Analysis 115 

7.4.1 Construction of Cognitive Spaces .... 115 

7.4.2 Comparison of Judgment Data ....... 117 

7.4.3 Master Cognitive Space . 120 

7.5 Dimension Labeling ..... 124 

7.6 Conclusions 127 

8. THE EFFECTS OF CHANGES IN JUDGMENT PERSPECTIVE UPON A SPATIAL 

COGNITIVE MODEL OF MICROPROCESSOR COMPUTERS 131 

8.1 Summary 131 

8.2 Experiment Background 132 

8.3 Method 135 

8.3.1 Procedures 135 

8.4 Analysis . 141 

8.4.1 Construction of Cognitive Spaces .... 141 

8.4.2 Comparison of Judgment Data ....... 141 

8.4.3 Master Cognitive Space 146 

8.5 Dimension Labeling 150 

8.6 Conclusions 155 

9. CONCLUSIONS 159 

9.1 Summary 159 

9.2 Experimental Conclusions 159 

9.2.1 Conclusions About Context 159 

9.2.2 Methodology Conclusions 161 


v 



TAbbt, ur uubibi'Jib — uontmuea 


Page 

9.3 Applications 162 

9.3.1 Human Performance Measurement 163 

9.3.2 Congruence of Individual 

Perspectives 163 

9.3.3 Measurement of Consumer Perception. . . . 164v 

9.3.4 Research About Context-’. 16’5 

9.4 ' Final Word 166 

APPENDIX A: AN OVERVIEW OF NONMETRIC MULTIDIMENSIONAL 

SCALING (NMDS) 167 

A. 1 Introduction . • > .... 167 

A. 2 MDS Types 168 

A. 3 Hypothetical Example 171 

A. 4 Statistical Analysis 176 

A. 4.1 Significance of NMDS Results ...... 176 

A. 4. 2 Extracted vs. True Dimensionality .... 181 

APPENDIX B: AN OVERVIEW OF THE INDSCAL MODEL 189 

B. l Introduction 189 

B. 2 The INDSCAL Model 190 

B. 3 Hypothetical Example Using INDSCAL 

(From Carroll 1972) 193 

APPENDIX C: COMPARISON OF SPATIAL COGNITIVE MODELS ... 197 

C.l Summary 197 

C.2 Introduction to the Problem 197 

C.3 Review of Previous Comparison Techniques .... 199 

C. 3.1 Identity Transform 199 

C.3. 2 Orthogonal Rotation 200 

C.3. 3 General Similarity Transform 201 

C.4 Significance Data for MSM 203 

LIST OF REFERENCES 207 


vi 



LIST OF ILLUSTRATIONS 


Figure Page 

4-1 Significance level a = *05 for product moment 

correlation coefficient . 49 

4- 2 Significance level a = *05 for difference between 

reliability and difference correlation 

coefficient 51 

5- 1 Final stress vs. number of dimensions extracted for 

four social environments: Subject A of TV 

program experiment 73 

6- 1 Examples of two "extreme" photos from the aerial 

photo experiment 91 

6- 2 Final stress vs. number of dimensions extracted for 

aerial photo experiment ... 96 

7- 1 Stimuli used in water level history experiment ... Ill 

7- 2 Final stress vs. number of dimensions extracted 

for subject H: Water level history experiment . . 116 

8- l(a) Stress vs. number of dimensions extracted for 

individual context: Microprocessor experiment . . 142 

8-1 (b) Stress vs. number of dimensions extracted for buyer 

context: Microprocessor- experiment 143 

A-l Dissimilarity judgments and property space for 

four hypothetical cups of coffee 172 

A-2 Two-dimensional cognitive space and Shepard diagram 

for four hypothetical cups of coffee 174 

A-3 One-dimensional cognitive space and Shepard diagram 

for four hypothetical cups of coffee 175 

A-4 Distributions for sampled stress for extracted dimen- 

sionality, s(E), given a true dimensionality T and 
error distribution: Example problem . 186 

vii 



LIST OF ILLUSTRATIONS — Continued 

Figure Page 

B-l Hypothetical illustration of INDSCAL: Individual 

differences in multidimensional scaling ...... 194 


Vlll 



LIST OF TABLES 


Table „ Page 

5-1 Stimuli for TV Program Experiment 68 

5-2 Stimulus Attributes Used in TV Program Experiment ... 69 

5-3 Property Vectors for Subject A: 

TV Program Experiment 71 

5-4 Inter correlations of Property Vectors: 

Subject A of the TV Program Experiment 72 

5-5 Cognitive Space Dimensionality Selected for Each 

Subject: TV Program Experiment 74 

5-6 Correlations (r) Between Dissimilarity Judgments and 
Similarity Measures (MSM) Between Cognitive 
Spaces for Each Subject: TV Program Experiment 

( P < .05) 76 

5-7 Correlations Between Dissimilarity Judgments and 

Cognitive Space Similarity Measures (in Parentheses) 

Between Cognitive Spaces Under Four Social Environ- 
ments: Subject A of TV Program Experiment 77 

5-8 Dimension Weights for the 6-Dimensional Master Space: 

Subject A of the TV Program Experiment 79 

5- 9 Summary of Master Cognitive Space Analysis for Each 

Subject: TV Program Experiment 80 

5-10 Weighted Factor Loadings of Interlabel Correlation 
Matrix for Friend Context: Subject A of the TV 

Program Experiment 82 

5—11 Summary of Labeling Analysis for Four Cognitive Spaces: 

Subject A of the TV Program Experiment 83 

5-12 Similarity Measures Between Cognitive Space and Com- 
ponent Scores for Four Context Spaces and Master 
Space: 5 Subjects of the TV Program Experiment ... 85 

6- 1 Definition of Subjective Stimulus Attributes: 

Aerial Photo Experiment 93 

ix 



LIST OF TABLES— Continued 


Table Page 

6-2 Property Vectors Used in Aerial Photo Experiment ... 94 

6-3 Rank Order Correlations of Property Vectors Used in 

Aerial Photo Experiment 95 

6-4 Correlations Cr) Between Dissimilarity Judgments and 
Similarity Measures (MSM) Between Cognitive Spaces 
for the Aerial Photo Experiment (p < .05) 98 

6—5 Dimension. Weights for the 4-Dimensional Master Space 

Used in the Aerial Photo Experiment 100 

6-6 Weighted Factor Loadings of Interlabel Correlation 

Matrix for Unspecified Object Context: Aerial Photo 

Experiment 101 

6-7 Summary of Labeling Analysis for Aerial Photo 

Experiment 102 

6- 8 Similarity Measures (MSM) Between Cognitive Space and 

Component Scores for Two Cognitive "Spaces and Master 
Space: Aerial Photo Experiment ..... 103 

7- 1 Property Vectors for Subject H: 

Water Level History Experiment . . 114 

7-2 Rank Order Correlations of Property Vectors for 

Subject H: Water Level History Experiment 115 

7-3 Cognitive Space Dimensionality Selected for Each Subject: 

Water Level History Experiment (p < .05) 117 

7-4 Correlations (r) Between Dissimilarity Judgments and 
Similarity Measures (MSM) Between Cognitive Spaces 
for Each Subject: Water Level History Experi- 
ment (p < .05) 118 

7-5 Dimension Weights for the 5-Dimensional Master Space 

for Subject H: Water Level History Experiment . . . 121 

7-6 Summary of Master Cognitive Space Analysis for Each 

Subject: Water Level History Experiment . 121 


x 



LIST OF TABLES — Continued 


Table Page 

7-7 Dimension Weights for the 7-Dimensional Common Space 

(All Subjects): Water Level History Experiment . . . 123 

7-8 Weighted Factor Loadings From Interlabel Correlation - • 

Matrix for History Context: Subject H of Water Level 

History Experiment - . . 125 

7- 9 Summary of Cognitive Space Labeling for Each Subject 

and for Each Context: Water Level History 

Experiment 126 

8- 1 Physical Property- Vectors Used -in Microprocessor- *• 

Experiment 137 

8-2 Comparison of Salesmen-Supplied Attributes With 
McMillan's (1973) List of Sources of Buyer- 
Perceived Risk 138 

8-3 Subjective Property Vectors for Salesman A: 

Microprocessor Experiment .... 139 

8-4 Rank Order Correlations of Property Vectors for 

Salesman A: Microprocessor Experiment 140 

8-5 Cognitive Space Dimensionality Selected for Each 

Subject: Microprocessor Experiment (p < .05) .... 141 

8-6 Correlations (r) Between Dissimilarity Judgments and 
Similarity Measures (MSM) Between Cognitive Spaces 
for Each Subject: Microprocessor Experiment 

(p < .05) 144 

8-7 Dimension Weights for the 6-Dimensional Master Space 

for Salesman A: Microprocessor Experiment ..... 147 

8-8 Summary of Master Cognitive Space Analysis for Each 

Salesman: Microprocessor Experiment 147 

8-9 Dimension Weights for the 8-Dimensional Common Space 

(All Subjects): Microprocessor Experiment 149 

8-10 Weighted Factor Loadings From Interlabel Correlation 
Matrix for Buyer Perspective: Salesman A of 

Microprocessor Experiment 151 


xi 



LIST OF TABLES— Continued 


Table . Page 

8-11 Summary of Cognitive Space Labeling for Each Subject and 

for Each Context: Microprocessor Experiment .... 152 

8-12 Comparison of Each Salesman's Micro to "Average" 

Micro on Attributes Used in Context Spaces.: 

Microprocessor Experiment . 154 

A-l Selected Percentile Points From Cumulative Distribution 
of Final Stress for Dissimilarity Matrices as a 
Function of Number Dimensions Extracted 180 

C-l Critical Values for the Goodness-Of-Fit Measure (MSM) 

Between Two Random Cognitive Spaces . 204 


xii 



CHAPTER 1 


INTRODUCTION 
1 . 1 Summary 

The cognitive space is introduced as a Euclidean spatial repre- 
sentation of an individual’s perception of the dissimilarity of a set of 
stimulus objects. Since certain .experimental — evidence. -suggests. -that, con- 
text affects perception, a change in the perceived context is expected 
to change the cognitive space. Yet investigations of the effect of con- 
text on cognitive spaces defined for a group have been inconclusive. 
Intergroup differences in cognitive spaces have not been explained by 
context differences. This research argues that the analysis of groups 
tends to obscure context effects because of interindividual differences, 
and demonstrates at the individual level, that substantive, statisti- 
cally significant and replicable changes in cognitive spaces do occur 
because of context changes. The spaces defined from four experiments 
differed in dimensionality, dimension identity and configuration of 
stimulus object points in the spaces. 

1.2 Cognitive Models 

Expressing preferences for, or assigning values to alternatives 
can be viewed as the end result of a two-stage cognitive process: 
comparison and evaluation. While both stages are fundamental to a 
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comprehensive understanding of human decision making, this research 
focuses on the comparison process part of the complex cognitive oper- 
ation. Furthermore, this research suggests that explicit recognition of 
the influence of context on comparisons can substantially enhance the 
ability to explain and understand evaluative judgments. 

It is assumed that the comparison- process' c’an be described by a 
model of an individual’s cognitive structure and that affective disposi- 
tion is associated with elements of that structure. The content of the 
model consists of mental representations of stimuli (people, concepts, 
things, etc.) defined in terms of their attributes. The model structure 
reflects the behavior of the stimuli and their interaction with the indi- 
vidual and his environment in specific situations. The mental represen- 
tations are' related or connected by association or similarity and their 
interdissimilarity dictates metric relationships in the model. 

The theoretical analysis of similarity relationships has been 
dominated by geometric or spatial models which represent stimuli as 
points in a coordinate space such that subject- defined stimulus inter- 
dissimilarities correspond to metric distances among the respective 
points. The Euclidean spatial model resulting from a nonmetric multi- 
dimensional scaling of the dissimilarity data is used to model an 
individual's cognitive structure; this model is called a cognitive 
s pace . 

There is ample evidence from a wide variety of experiments and 
applications which demonstrates the usefulness of the cognitive space. 
Examples of various stimuli include human traits (Walters and J.ackson 
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1966), combat situations (Cliff and Young 1968), occupations (Burton 
1972), colors (Indow and Uchizono 1960), presidential candidates (Mauser 
1972), speech patterns (Matsumoto, Hiki, Sone and Nimura 1973), bakery 
items (Green, Maheshwari, and Rao 1969), saline solutions (Gregson 
1968), natural resource planning objectives (Harris 1977), shapes of 
U.S. states (Shepard and Chipman 1970), and artistic drawings (Skager, 
Schultz, and Klein 1966). 

1.3 Context and Cognitive Spaces 

Attneave (1950) seems to have been the first to recognize that 
cognitive structures dependent upon dissimilarity or similarity measures 
can be influenced by context. Similarity needs a referent; when things 
are similar, they are similar with respect to something. Consequently, 
the way in which they are similar may also change. 

Consider, for example, three stimuli: table , fable , and chair . 

Table and fable are similar because they sound alike. Table and chair 
are also closely associated, but as furniture. The pattern of similar- 
ity among these three words will differ for an individual depending on 
whether he is working a crossword puzzle or responding to a word associa- 
tion quiz; on whether he considers the meaning of the words or merely 
their sounds; on whether other homonyms are included in the stimulus set 
or merely other pieces of furniture; and whether the individual is a lin- 
guist or a furniture salesman. Attneave suggests that a separate cogni- 
tive structure might be achievable for each state of attention, or as 
interpreted here, for each facet of context. Context could thus affect 
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a person's cognitive structure and hence its representation by the cogni- 
tive space. It could also affect his evaluation of the objects and his 
behavior in relation to them. This study will explore the influence of 
context on cognitive spaces. 

Context is believed to have an effect on personal statements of 
value. This effect has been demonstrated in word ratings (Heise 1969 , 
Halff, Ortony and Anderson 1976), bread and pastry preferences (Green 
and Rao 1972), and gift selection (Hansen 1972). Sometimes, however, 
personal statements contradict personal behavior (Bickman 1972). 

Anecdotal evidence of context influence on behavior is also available. 

For example, in retail settings, the presence of children (Wells and 
LoSciuto 1966), friends (Bell 1967), and sales personnel (Albaum 1967) 
have been observed to alter purchase outcomes. 

In contrast to these studies, Green and Carmone (1972) found 
that evaluations of magazine ads were generally independent of context. 
Similar results concerning the negligible effect of context on percep- 
tion were also reported by Green, Maheshwari and Rao (1969), Ryans 
(1974), and Heeler (1974). After a series of studies of various stim- 
uli, Cliff concluded that changing the context of a decision making task 
had only the effect of changing the use of the cognitive space, not the 
cognitive space itself (Cliff 1966, Cliff and Young 1968). Negative 
results such as these may have encouraged a neglect of context. Dif- 
ficulties in explaining behavior by measuring attitudes, for example, 
have been ascribed to the neglect of context, most explicitly by Rokeach 
(1968). Further research in this area is clearly needed. Are context 
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effects on individual perception a common occurrence or a rare event? If 
it is a common event, it raises serious questions about consumer product 
design or marketing concept evaluation models that assume invariant per- 
ception or preference structures under context changes (e.g., Pessemier 
and Root -1973',' Ryans'- 1974y 'Shocker -and'’ Srinivasan ~T9'74yRao'-\and~'Soutar ~ -- 
1975). This research uncovers evidence on the circumstances in which 
perception of stimulus objects changes, and the cognitive structure 

which an individual uses to combine .his.~perceptions _of— the s.timul.i- 

changes . 

It is no doubt due to the inconclusiveness of the evidence that 
has prompted authors to continue to speculate on whether or not context 
affects the spatial cognitive model. Ray says "there is widespread 
unsupported (emphasis added) agreement that perceptions (and cognition) 
and preferences are context bound" (Ray 1972, p. 284). And Green and 
Carmone note, "The question of (cognitive space) invariance over changes 
in ... scenarios appears wide open for future study. It seems that 
similarities and preference judgments ought to be context bound . . ." 
(Green and Carmone 1972, p. 204). They are right, there seem to be no 
studies in the literature which clearly show that similarity perceptions 
are context bound. Moinpour, McCullough .and MacLachlan._( L9-7-6.) also. 
recognize the need to investigate the nature of changes in individual 
cognitive spaces in response to context changes in order to apply spa- 
tial cognitive models to marketing. Ryans and Reutscher (1978) note 
that although cognitive models have been studied extensively as an 
invariant structure, their potential for improving the understanding 


5 



of the dynamics underlying consumer choice is largely unrealized. To 
this writer's knowledge, no one has shown that an individual's cognitive 
space changes under different contexts and that the changes are quanti- 
fiable and replicable. This study addresses that void. 

The systematic research "on the effects of context on cognitive 
spaces to be reported here*- hasj to the- contrary, found substantive, sta-' 
tistically significant and replicable changes in the cognitive spaces 
due to context. The cognitive spaces differed in dimensionality, dimen- 
sion identity and configuration of points. It was found, however, that 
the separate spaces for each context could be embedded in a "master" 
cognitive space of which they were special cases in which particular 
dimensions were given more, less, or even zero weight depending on the 
context. Whereas other studies have treated the cognitive model as an 
independent variable or invariant structure, the research presented here 
treats the cognitive space as a dependent variable and investigates the 
effects of a limited set of other independent variables defining context 
upon the dynamics of the cognitive model. 

1.4 Study Organization 

In Chapter 2, context is defined and analyzed and an account is 
given of how it would be expected to affect judgments of dissimilarity 
and the spatial cognitive model resulting from such judgments. Chapter 
3 provides a critical review of the literature relevant to context 
changes and their effects on spatial models. Conclusions are drawn and 
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implications are defined for this study. With the review as a back- 
ground, specific study objectives are presented. 

All four experiments in this study used the same procedures and 
data analyses. These methods are discussed in Chapter 4. The four ex- 
periments are detai-Ted— rnrehapters *5-8 r~^Ea'ch"of' r "thesar 'experiment's "ira's 
been selected to investigate a different type of context change. In 
each chapter, the nature of the effect of the particular type of context 
on the cognitive spaces is discussed, quantified, and.substantiated.by. 
replication. and. significance* .tests . .... 

Chapter 9 summarizes the principal results of the study and dis- 
cusses their implications for practical applications with specific 
examples. 

Three technical Appendices cover areas of particular interest to 
this study. An extensive review of nonmetric multidimensional scaling 
(NMDS) is covered in Appendix A,, especially the NMDS algorithm (MDSCAL) 
used to produce cognitive spaces in this research. Basic assumptions 
and unique features of the algorithm are also discussed. Finally, tech- 
niques for determining the proper cognitive space dimensionality and sig- 
nificance of results are also given. 

Appendix B discusses the. INDSCAL model which. is used to develop 
a cognitive space with differentially weighted dimensions. The use of 
this technique to produce a master space which spans a set of cognitive 
spaces is also addressed. 

A major objective of this study is to demonstrate that two cogni- 
tive spaces formed from different contexts are different. Appendix C 
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provides a metric for comparing two spaces and suggests a measure of 
congruence. Furthermore, a test of significance is developed for this 
measure. 
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CHAPTER 2 


EFFECTS OF CONTEXT ON JUDGMENT 
2 , 1 Overview 

The term context is defined in this chapter and analyzed into 

its component aspects.. Huch-.of _the..definition_ adopted results from-a- - 

survey of the literature of situation but -an important distinction is 
made between situation and context . A review is then given of the exper- 
imental research on the effects of context on human behavior. Finally, 
an account is made of how context would be expected to affect judgments 
of dissimilarity and how those effects would be represented by changes 
in the parameters of the general form of the spatial cognitive model. 
This is in preparation for presentation in subsequent chapters of experi- 
mental work demonstrating such changes. 

2.2 Context 

2.2.1 Context vs. Situation 

The terms context and situation are used almost interchangeably 
by human behavior researchers with much of the psychological literature 
on this subject using the term situation . The term context , however, is 
preferred in this report because of a significant distinction. The dic- 
tionary (Webster's Third New International 1968) defines situation as 
the sum total of internal and external stimuli (physical, social and 
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psychocultural factors) that act upon an individual in orienting and 
conditioning his behavior in a given interval. Context is defined as 
the interrelated conditions in which something exists or occurs so as to 
characterize or indicate its meaning. The difference lies in the use of 
the phrase "indicate its meaning." Where situation is objective, poten- 
tially measurable, and is described in terms of physical, psychological 
and social stimulus features, context is subjective and represents a 
person's response to those stimulus features. It. is described in terms 
of aspects of the psychological -significance of the situation, of how it 

ft 

is perceived and reacted to. Confusion has existed in the literature 
because of a failure to recognize this difference. Magnusson (1971), 
Ekehammar (1974) and Pervin (1975) noticed, however, a difference in 
usage of situation and context depending on whether the terms are used 
to mean objective description or personal perception. Their views sup- 
port a definition in which context results from the perception of a 
situation , and attaches meaning to it. 

Since context depends on situation, a discussion of how situa- 
tion is treated in the literature is given next. Bieri et al. (1966, 
page 209) and Belk (1975) suggested that, a situation may be viewed as 
comprising all those factors peculiar to a time and place of observa- 
tion which do not follow from a knowledge of individual or external 
stimulus attributes, and which have a demonstrable and systematic effect 
on current behavior. Several attempts to inventory "all those factors" 
have met with limited success. Sells (1963), for example, classified 
situations in terms of their objectively measured characteristics which 
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are external to the individual. However, he listed 5 major categories, 

16 subcategories, and over 50 further subdivisions which appeared to 
vary in the ease with which they could be measured (e.g., terrain, natu- 
ral resources, language, social organization, novelty). Classification 
attempts- by Bellows (1963-)-, Wol-f- (-1966) and- Moos- (1973), are less- com- 
plex, but also are impractical from the standpoint of measurement. A 
limited taxonomy by Allen (1965) of the situational factors found to af- 
fect conformity, highlighted several important social dimensions (e.g., 

pub 1 i c / p r i vatie -interdependence _o£_par,tx c ipan ts.) . and.. Cask-, dimensi one... 

(e.g., difficulty, importance) of the situation. Magnusson (1971) fac- 
tor analyzed similarity judgments of typical student activities or situa- 
tions in an academic domain to investigate the cognitive aspects of 
situations. Social , task and personal involvement dimensions were in- 
cluded in his list of factors. 

Barker (1963) described a situation in terms of the entities and 
actions of which it is composed; that is, the physical objects, the peo- 
ple present and the processes going on. Finally, Bieri et al. (1966, 
pages 14-15, 209-210) considered three types of situational influences 
on judgment: social, interpersonal, and contingency. Social influences 

refer to the relatively stable characteristics of the social structure 
within which the subject makes his judgment. Interpersonal characteris- 
tics address the nature of the relationship between the judge and the 
stimuli, subdivided into role, purpose, inferences, and personal involve- 
ment. Situational contingencies consist primarily of situational events 
that are antecedent to or precede a judgment. By such terminology, it 
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is obvious that Bieri addressed the perception of situation; i.e., con- 
text. 

In contrast to objectively defined properties of situation, 

Endler and Magnusson (Endler and Magnusson 1974, Magnusson 1974) and 
Ekehammar (1974) emphasized- how the -individual' represents' and' "constructs 
the situation. Hansen. (1972, page 47) believes- that the- individual 1 s- 
perception of the situation depends upon the actual elements in the situ- 
ation. Since perception is unique to the individual, the same situation 
can yield different, .contexts. for...differ.ent. .persons .(Magnusson, Gerzen, 
and Nyman 1968). Res tie (1961), however, blurs the distinction between 
situation and context by defining identical situations as those with ex- 
actly the same perceived characteristics. This has led toward a defini- 
tion of situation in terms of perceived properties (Berlyn 1967, Palmer 
1975), essentially the definition of context to be adopted for this 
s tudy . 

Bobrow and Norman (1975) show that context determines how infor- 
mation contained in memory is interpreted and used; it delineates some 
restricted set of elements or connections within the memory that are rel- 
evant to the situation and used to understand it. Reitman (1965, Chap- 
ters 3 _ 4) relates context to an individual's cognitive structure by 
describing context as a link from the abstract or general to the spe- 
cific; a connection between the meaning of an element in the cognitive 
structure and its relation to other elements. Others emphasize that con- 
text serves to limit the range of possible meanings of information or 
bound the internal representations of a concept (Kaplan 1972, Halff, 
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Ortony, and Anderson 1976). For Neisser (1976), context is embodied in 


what he (after Bartlett) calls schemata, preexisting structures that di- 
rect perceptual activity by determining what stimulus features will be 
perceived, and that are modified as perception takes place. Dreyfus and 
Dreyfus (1976)‘-suggest' t-hat' 'the 'context aids' r'the'-individual; 'to'^petcerve • 
which stimulus attributes are relevant to the task, the importance of 
these attributes relative to each other, and the extent to which each at- 
tribute is present in the stimuli. In support of this, Haber's (1966) 
s tudy_.sugg.es.ts— that— .the — s elLe at i-oru-Qf-_stiniulus-_at.t.rabutes.- thought- re-le-— - 
vant to the task follows a "tuning" hypothesis whereby attending to a 
certain context results in a clearer and more vivid perception of cer- 
tain properties — they stand out more. By the same token, the incidental 
attributes are not as clear and do not stand out. 

The need for contextual representation of a situation for intel- 
ligent behavior has been extensively analyzed by Minsky (1975) who pro- 
-poses the notion of "frames," information processing structures that act 
as schemata, for implementing context in artificial intelligence. Some 
attempts have been made to implement frames in machine vision (Kuipers 
1975). 

2.2.2 Characteristics of Context 

For purposes of the present research, situation is defined as 
the sum total of external and internal stimuli that act upon an individ- 
ual in orienting and conditioning his behavior in a given time interval. 
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Context is then defined as an individual's interpretation of the per- 
ceived characteristics of a situation which gives it meaning for him. 

By selectively combining features suggested in the various 
studies and taxonomies cited earlier, a notion of the factors that com- 
prise a context may' be- of f ered. The " reviewed- experimental -research sug- 
gests. that context depends, on the- meaning- attached to who is-invol-ved, 
including the possibility that the individual is alone, why he is in- 
volved, where the action is taking place, what the nature of the action 
occurring is.,, and when -it occurs. -The. context is defined by. the per- 
ceptual organization of these various components so that it takes on 
a gestalt quality and if one of the components changes sufficiently, 
the context is considered to have changed. These components - suggest 
five aspects of context that may have an influence on spatial cognitive 
models: 

1. Physical environment factors are generally related to the site 
or facility where the action takes place but may also reflect the physi- 
cal state of the subject. Some of the more readily apparent features of 
physical environment include geographical and institutional location, 
decor, sounds, aromas, lighting, weather, and visible material configura- 
tions surrounding the stimulus objects. The environment also includes 
intangibles such as scenic beauty and physical facts like gravity and 
limitations (e.g., deafness) of the subject. 

2. Social environment describes the presence or absence of other 
individuals (participants and non-participants) in the task action. The 


14 



social environment considers the number of such individuals, their per- 
sonal characteristics and backgrounds, and the extent and nature of 
their previous interactions with the subject. The actual or assumed 
attitudes and beliefs of these individuals concerning the subject, the 
s timuli andruthe ^task:rare:'5a'l'so~ofr?impor±ance~res'pe'ciatl'y-';the , 'mannex- - in 
which such information is exchanged between the individuals and the sub- 
ject. 

3. Task definition .specifies _the.„desired _condi.tians— as_to_how~ the 
task will- be^parf ormed-— as--.wel-l as- -cr-i-teria-'and. ;cons traint-s->o£> -pe-rf-erm — 
ance. The definition always reflects a stated or implied objective or 
purpose of the task. This purpose is instrumental in the subject's se- 
lection of a set of stimulus attributes which are appropriate to the 
specified use of the stimuli or the purpose of the task. 

4. Individual perspective represents the relationship of the per- 
son judging the stimulus objects to the task, to .the objects, or to the 
purposes which the task or the objects serve. It is essentially the 
role the person plays in relation to the other aspects of context and 
his view of that role. Some factors which may influence perspective are 
familiarity with the stimulus objects or the task, fatigue, commitment 
to task purpose and ownership of the stimulus objects. 

5. Temporal setting characterizes the context along the time dimen- 
sion and relates the subject to actual or assumed past or future events. 
This allows considerations such as time of day, season of year, time 
since payday, and time constraints imposed by prior commitment or exter- 
nal limitations. 
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2.3 Context Characteristics Experimentally Investigated 

There are two relevant kinds of situations and hence contexts 

a 

which relate specifically to spatial cognitive models. The first con- 
text is identified with the stimulus comparison task itself (i.e. , the 
dissimilarity judgments^;' "while- the-'second- rs- "identified -with ‘the - reaT ■ 
or imagined application, use. or consequences of the stimuli. For exam- 
ple, if the stimuli are political candidates, the first context may deal 
with a subject's, choosing among._.thn .candidates.. at the. polls while the 
second context may.be associated- -with the- candidates -being in office. • 
Situational characteristics that affect context apply to either. Of the 
two kinds of context specifically related to spatial cognitive models, 
this research held the stimulus comparison context fixed by intention 
and did not consider it further. Rather this research was concerned 
with the context of stimulus application. 

Five context characteristics were identified above: physical 

environment; social environment; task definition; individual perspec- 
tive; and temporal setting. The physical environment was not analyzed 
because its features were too numerous and difficult to identify, quan- 
tify or control, and it is not at all clear which features can be mani- 
pulated to affect context. Similarly, temporal setting was not analyzed 
because of the difficulty in controlling experimental conditions over 
any appreciable interval of time. This research investigated the re- 
maining three characteristics of context: social environment ; task 

definition ; and individual perspective . Task definition, however, was 
subdivided for further study. 
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One of the more interesting features of task definition is the 
individual's interpretation of how the stimulus objects are to be ap- 
plied or used in the task. Many tasks differ on whether or not the use 
is made specific. Accordingly, these two features of task definition 
called specific 3, u$:ei :and~ =nons pacific' use ~~( ; of 'the' 'stimulus' objects )" were - ' ** 
investigated in this report. 

Experiments, presented in four subsequent chapters, were de- 
signed to produce .changes in. these— context _charaateri_s.tins__ and_to- tes-t 

- the .effects. of__these— changes. :on— individual— cagnitive---s paces--, '-Each* ex- — 
periment assumed that context characteristics of physical environment 
and temporal setting were held constant. 

For context to be a useful concept, it must not only be defined, 
but shown to have a systematic, effect on behavior. The following sec- 
tion reviews some empirical research on the effect of context on judg- 
ments other than those used to derive spatial cognitive models (i.e., 
dissimilarity judgments) and examines the extent to which contextual 
knowledge can be expected to add to one’s ability to explain human 
behavior. 


2.4 Context in Judgment Tasks 

In the past decade, an increasing number of empirical studies of 
contextual influence on human behavior have been conducted using various 
consumer-oriented contexts and stimulus objects. Typically, subjects 
are asked to rate the likelihood that they would choose each of several 
alternate products or services under each of different contexts. The 
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trends indicate a general influence of context on preference judgments 

but the results are far from conclusive. For example, in a series of 

studies of preferences for beverages (Sandell 1968), meat products (Belk 

1974a), snack products (Belk 1974b), and fast foods (Belk 1975), it was 

shown that systematic context differences explained a sizable proportion 

of variance in individual preferences.; f'or the first two cases, context 

explained more variance than did individual differences. When leisure 

activities (Bishop and Witt 1970) were analyzed, the effects of context 

were lightly overshadowed, by individual differences. In the case of 
* 

preferences for motion pictures (Belk 1974b) and TV programs (Friedman 
and Fireworker 1977), however, the results indicated that subject pref- 
erences did not depend on context. Individual differences explained the 
largest variance in preferences. 

Regarding contextual influence on consumer behavior, Lavidge 
(1966) maintains that for many products, consumption is closely related 
to specific contexts, and he cites evidence from media and other 
studies. Longman (1968) makes the same point in relation to attitude 
measurements and consumer purchase studies. 

In the general areas of psychology and sociology, the question 
of contextual influence upon behavior has been raised most directly by 
Endler and Hunt (1969). Based on a study of variations in human anxiety 
responses from different situations, their findings consistently showed 
that more variation is explained by contextual factors than by individ- 
ual differences, and that interaction between these two sources of 
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variation accounts for more variation than either of the other two 
sources taken separately. 

In summary, evidence strongly supports the proposition that con- 
textual factors, separately and in interaction with personal variables, 
influence behavior. In particular, this influence applies t ,to consumer 
behavior. However, it is worth noting that all of the above experimen- 
tal research deals with the effects of context on behavior assessed by 
aggregating individuals' responses. Such studies rely on the question- 
able assumption that .interpersonal .comparison .of .context is meaningful., 
a topic to be addressed further in Chapter 3. 

2.5 Spatial Cognitive Model and Context 

2.5.1 Origins of Spatial Cognitive Models 

One's actions are based on an understanding of the world, and 
this understanding can be thought of as being embodied in cognitive 
structures built up through successive interactions with the world. The 
cognitive structure is linked to the world by perception and is modified 
by context. The concept of spatial cognitive structures has been used 
variously in psychological theories, including Barbin' s (1960) 

"modules," Osgood's (1957) "representations," and Kelly's (1955) 
"constructs." Although there are a variety of conceptions of cognitive 
structure, there are at least four common areas of agreement among cog- 
nitive theorists: 
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1. The individual is assumed to possess a finite number of 
(usually) bipolar dimensions represented by an adjective and its oppo- 
site. 

2. The individual perceives and discriminates stimulus objects in 
terms of these dimensions. 

3. The individual is. assumed -to.- use>- a- hyperspac& formed- from- these 
dimensions to assess his perception of a set of stimulus objects. 

4. The hyperspace, the stimulus objects, and their interrelation- 
ships as represented in the hyperspace comprise the individual's cogni- 
tive structure. 

Cognitive structures are impossible to observe directly. If one 
is willing, however, to assume that such a structure would imply specifi- 
able behavioral consequences, it may be possible to construct a descrip- 
tive model of the structure from observable behavior. The notion of an 
n-dimensional hyperspace is central to the concepts of "space" employed 
by Sarbin, Osgood, and Kelly. All three of these theorists suggest that 
nonmetric multidimensional scaling (NMDS) procedures are appropriate for 
describing an efficient representation of an individual's cognitive 
space. A NMDS-derived spatial model is proposed to be a descriptive 
model of a cognitive structure. Whether the model represents what actu- 
ally is going on inside an individual, whether one thinks spatially as 
it were, is a separate question and will not be addressed here. 

Many researchers have developed NMDS numerical techniques (e.g., 
Torgerson 1958, Shepard 1962a, 1962b, Kruskal 1964a, 1964b) for construc- 
tion of spatial cognitive models. Each procedure represents stimulus 
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objects as points in a Euclidean space. The position of each object is 
determined in relation to the cognitive dimensions used by the individ- 
ual when he discriminates among objects. Psychological content of the 
objects is represented by their projections on these dimensions, which 
can be related .to ..perceived. ^stimulus .attributes, — Observed .d-i-s si-mi-. - 
larities between objects correspond to metric distances between the re- 
spective points in the cognitive space. The more psychologically dissim- 
ilar two objects are, the more separated they are assumed to be in the 
space. 

2.5.2 The Spatial Cognitive Model Used in the Present Research 

The present research uses the NMDS approach to derive individual 
spatial models, but modifies it under the assumption that some salient 
attributes will be more important than others in discriminating among 
stimuli, or more desirable or essential for the stimulus to possess in 
a given context. The result is a model called a master space which 
spans the several spaces for an individual obtained under several 
contexts . 

If dj^ is the distance between points representing stimuli i 
and j in the cognitive space derived under context k (context space k), 
and if 

yir = projection of stimulus i on master cognitive space dimen- 
sion r 

w^ r = subjective relevance of master space dimension r under 
context k 
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then the spatial cognitive model is specified by 





2 


where symbol -= means- approximation in a? least sum, of squares sense. 

The model parameters of dimension projections (y), dimensions 
weights (w) and proper choice of dimensionality (M) are obtained in a 
two-part process. The first part employs an ordinary NMDS analysis that 
incorporates the weights implicitly in the definition of the stimulus 
projections. It requires a matrix of dissimilarity judgments (5) taken 
under one context and produces one spatial model for that context (con- 
text space k) by finding the dimension projections (x) and dimension- 
ality (m) such that 


and 




where = dissimilarity judgment between stimulus i and j under 

context k, and 

x ir w kryir 
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The symbol - means a monotonic transformation which requires d£j k >_ d pqk 
whenever Sij k > <5 pqk . 

Procedures for finding the x's, d's, and m are discussed in Ap- 
pendix A. Note that the derived projections (x) are implicitly depen- 
- -dent -upon- -the' T context-'kvt'--Thes-e“prog'ecti"on'S—-ai:e:'col’l''ect:edT'forr;ea'chr'o - f-'n- — 
several contexts and serve as input to the second part. 

The second part analyzes the~several spatial "configurations ob- 
tained under the various .contexts .and .produces, a. mas.ter. configuration, .... 


squares sense) each input configuration from each separate context. 
Inputs to this part are each of the configurations (x) derived by an 
NMDS analysis of the dissimilarity judgments made under various contexts 
and output consists of .the dimension. .weights .(.w) and a master, space 
dimensionality (H) , such that 



The solution for the parameters is based on an algorithm adapted 
from a procedure of individual difference scaling (.INDS.CAL). developed, by 
Carroll and Chang (1970). The procedure was modified to work with spa- 
tial configurations rather than dissimilarity judgments and a detailed 
discussion is given in Appendix B. 
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2.5.3 The Relation of Context to the Spatial Cognitive Model 

The spatial cognitive model is based on experimental observa- 

r 

tions that people act as if the following processes were carried out: 

1. Context development : The individual subjectively develops the 

judgment context by: noticing - the~ physical" and social' environment and 

temporal setting, perceiving the task definition, and establishing an in- 
dividual perspective. The outputs from this process are the set of at- 
tributes or dimensions the individual considers relevant to stimulus dis- 
crimination .and~a_se.t— of— dimensional. -weights which .-reflect the. relative 
importance of the dimensions, (See Bobrow and Collins 1975, p. 133, 
Osgood, Suci, and Tannenbaum 1957.) 

2. Stimulus analysis : Each stimulus is analyzed to discern partic- 

ular values of relevant attributes. This information is used to prepare 
a stimulus description or concept. The perceived attributes may be aug- 
mented with information from observation, retrieved from memory (Baker 
and Santa 1977) or inferred through the use of personal heuristics 
(Gregory 1970). 

3. Cognitive organization : Weighted information is organized by 

representing the stimuli as points in the cognitive space. The dimen- 
sions reflect relevant attributes with relative importances implied by 
dimensional weights. 

4. Stimulus classification : The stimuli are classified in the spa- 

tial model such that the perceived dissimilarity of two stimuli is a 
monotonic nondecreasing function of the distance between the two points 
representing these stimuli. 
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Context is expected to affect the pattern of stimulus values and 
weights that an individual uses in ,a particular judgment task. The 
value of stimulus information is defined to be the quantitive represen- 
tation of that information on a particular relevant judgment dimension. 
Weight refers to the functional importance of that dimension for the 
required judgment, and is always in reference to a particular context. 

A change in context, then is expected to change the stimulus coordinates 
(i.e., attribute values) because a different dimensional weight in the 
spatial cognitive model becomes relevant. Changes in weights could then 
account for differences in dissimilarity judgments made under different 
contexts. The next chapter reviews the pertinent literature that deals 
with the effect of context on spatial cognitive models. 
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CHAPTER 3 


LITERATURE REVIEW 


3.1 Introduction 

In Chapter 1 it was noted that the usefulness of a cognitive 
space has been demonstrated in a wide variety of experiments and appli- 
cations. A review of those applications will not be attempted here. 

Most of the studies, however, treat the cognitive space as a well- 
defined invariable structure. Yet a few authors have conjectured that 
the space could change with a change in context. The idea that a vari- 
ety of cognitive spaces could exist for the same stimulus set, depending 
upon the context under which they are perceived, is not original to this 
research. But this research is the first to demonstrate that changing 
the context while maintaining the same set of stimuli and requiring the 
same set of judgments can change the cognitive space for a given indi- 
vidual. Some studies have shown that a cognitive space defined for a 
group of subjects can change because of variations in experimental treat- 
ment but none have addressed variations in context or the effect of 
these variations on an individual's cognitive space. (The use of the 
term group does not refer to "an assemblage of persons belonging together 
with established reciprocities" as social psychologists would define the 
term, but rather to a process whereby the responses from a number of 
subjects are pooled or aggregated in some way under the assumption that 
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the individual differences can be treated as noise.) Nevertheless, 
these studies are reviewed to demonstrate the nature of cognitive space 
changes and to indicate theories of change and methods of analysis which 
proved untenable. 

A literature review of the relevant experimental treatment of 
groups of cognitive - spaces . suggests that the treatments can be broadly 
categorized into five types: 

1. Variations in skill or experience level 

2. Changes in stimulus attributes 

3. Context confounded with stimuli 

4. Variations in the cognitive space over time 

5. Specification of stimulus attributes considered 

The review will be divided into sections corresponding to those 

types . 

There is one study that addresses context directly and it will 
be discussed separately. Cliff (1966a) had three respondent groups 
judge the similarity of photographs according to different instructions. 
These instructions determined the context. The cognitive spaces derived 
from the three groups as well as from a fourth control group were found 
to differ only slightly and the differences could be directly attributed 
to differences among groups. This apparent insensitivity of cognitive 
space to context changes was essentially replicated' in a later study 
(Cliff and Young 1968) involving human trait adjectives and simulated 
combat conditions as stimuli, and prompted Cliff to conclude that chang- 
ing the context of the decision making task had only the effect of 
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changing the use of the cognitive space, not the space itself. The 
present research, however, contradicts this finding. Here, the cogni- 
tive space did change with a change in context in a replicable and sta- 
tistically significant way. Cliff's studies may have obscured contex- 
tual effects by only investigating groups or by not analyzing stability 
of the cognitive spaces. 

3.2 Review of Specific Studies 

Although none of the-studies reviewed- addresses " context di-' " 
rectly, all demonstrate the potential dynamics of the cognitive space 
with appropriate manipulation of experimental treatments. The studies 
differ in the variable treated, but all derive cognitive spaces at the 
group level. 

3.2.1 Variations in Skill Level 

Shepard (1963) reanalyzed four separate previously published 
studies of subjects judging whether two successive Morse code signals 
were the same or different. The studies differed in the number of 
subjects, data collection techniques, signal similarity measures, signal 
content, and signal generation procedures. In spite of this, Shepard 
found that there was a common underlying two-dimensional structure that 
could be recovered from independent groups. In two studies (Keller and 
Taubman 1943, Rothkopf 1957), however, the nature or identity of the di- 
mensions differed depending on whether the group consisted of subjects 
who were skilled or unskilled in understanding Morse code. But a 
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reanalysis of these two studies indicates that there was a context 
change which may have caused the difference in group cognitive spaces. 

The task purpose differed between two experiments: one required judg- 

ments of discriminability while another required stimulus identification 
and therefore constituted a learning "task. Consequently skill may have 
been confounded with context obscuring its effect on cognitive spaces. 
Furthermore, all of the studies reviewed by Shepard were perception 
tasks rather than cognitive tasks and the transfer of findings between 
the two domains is not at all clear. 

In a similar study, Neidell (1974) had three groups (ordinary 
drivers, traffic engineering students, and traffic engineering experts) 
view wide angle movies of road segments and evaluate each segment for 
driving safety. A spatial cognitive model was formed for each group 
based on similarity data derived by averaging individual road evalua- 
tions along specific attributes over the group. Neidell found very lit- 
tle difference among group cognitive spaces. In contrast to Shepard's 
findings, the differences could not be related to differences in road 
safety training among the groups . 

3.2.2 Changes in Stimulus Attributes 

In their report of attempts to modify cognitive spaces, Moinpour, 
McCullough and MacLachlan (1976) describe two types of modification: 

1) structural — a change in the number or character of dimensions, and 

2) spatial — a change in the importance of dimensions or position of 
stimuli on dimensions. Their study dealt with the impact of persuasive 
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communications on group cognitive -spaces'. ' Half of -the' groups received 
instructions designed to cause spatial changes for actual toothpaste 
brands, while the other half received instructions designed to cause 
structural changes. 

Spatial changes attempted by linking a particular brand with a 
favorable message were unsuccessful. A second procedure informed sub- 
jects of the- abrasion levels of all- brands, which seemingl-y--caused a sig- 
nificant repositioning- of- -brands- -along ithe— ab.r asTveness- dimeirslron’ ^and* ‘an- ' ' - 

increase in the- importance- of that dimension.' Since the -information' 

about abrasion could be consulted by the subjects while they made their 
judgments, the observed change in the group's spatial model does not nec- 
essarily reflect an internal change in group perception of that informa- 
tion. The observed change might be appropriately considered the result 
of judging a new set of stimuli. 

Attempts at changing the structure of the groups' spaces by in- 
structing the subjects to use only one of two attributes were totally 
unsuccessful. This result has been previously demonstrated by Peak (1960), 
Axelrod (1963), and Lutz (1975) using Fishbein's (1963) linear-sum-of- 
weighted-beliefs model to predict behavior. Also Briar (1963) has shown 
that physical environment effects persist even when subjects are instructed 
to ignore their actual environment when making judgments under experimental 
conditions. It seems that subjects have difficulty ignoring attributes 
which they know to exist, and which, it seems, they consider important 
in a specific judgment context. 
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Based on their findings, Moinpour et al. (1976) stated that spa- 
tial changes are easier to accomplish than structural ones. They also 
observed that attempts to cause cognitive change will be quite difficult 
when the stimuli are unfamiliar and cognitively complex (e.g., more than 
two important attributes). The present research did not find either 
of these observations to be the case. 

Ryan (1975) demonstrated that information causing cognitive dis- 
sonance can reshape 'one 's' perception of* reality and cause distortions in" 
a cognitive space. He- had undergraduates rank distances between a num- 
ber of campus landmarks before and after detouring around an imaginary 
barrier, and substituting new landmarks for some original ones. He 
found that while landmark substitutions caused little perturbation to 
the group cognitive space, the introduction of the barrier generated sig- 
nificant distortions. 

It is important to note that both Ryan and Moinpour et al. manip- 
ulated stimulus attributes in trying to affect the cognitive space. 

The stimuli with the changed attributes technically amount to a differ- 
ent stimulus set and it is reasonable to expect different (but related) 
cognitive spaces to result from judgments concerning different (but re- 
lated) stimulus sets. 

3.2.3 Context Confounded With Stimuli 

Wish (1976) had college students rate communication episodes on 
bipolar scales. The episodes consisted of interpersonal relations 
(e.g., between business associates) in a specific situation (e.g., 
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having a brief exchange about a minor -technical’ problem)'. "Wish, Deutsch 
and Kaplan (1976) essentially repeated this experiment with a larger set 
of relations. In both studies dissimilarity measures between the epi- 
sodes were derived by averaging individual ratings over the group. 

In these studies the context is that of the "actors" being 
judged and not that of the judges themselves relating to the actors. 

Thus context,. as used in -these -experiments-, is confounded- with— the- stim- 
uli. Furthermore-, ---the- -t-wo-ist-udies - reach-rc on-fid c ting" "co uclixsionS' : -''The--" 
earlier study indicated that -the way -groups- perceived-drow -peopTe - in --- * 
different kinds of relationships communicate with each other ia influ- 
enced by the communication context; the later study did not support this 
finding. 

Wish's work dealing with the effect of context changes on spa- 
tial models was. -contemporary- wi-th_.this rauthor.' s:-q>re-ldminar.y research"- " 
(Dupnick 1975.). In Wish's studies, however, the context is part of the 
stimulus and the question addressed in the present study is the effect 
of the sub ject ' s context on his cognitive organization of the stimuli. 
Context, in the sense used in the present study, is in the person per- 
ceiving the stimulus, and not in the stimulus itself. 

Some of the episodes (stimuli) in Wish’s experiments specified 
the subject as a participant in the stimulus event (e.g., communication 
between you and your mother vs. between a child and his mother) and thus 
the social environment characteristic of context was addressed. These 
cases, however, were not sorted out or even separately identified in 
Wish's experimental analyses. 
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3,2.4 Variations Uver lime 


Osgood and' Luria (1954) performed an analysis of semantic differ- 
ential ratings of abstract concepts (e.g., truth) obtained from a sub- 
ject exhibiting multiple personalities and presumably undergoing psycho- 
logical therapy. Osgood and Luria knew nothing about the person. The 
ratings were obtained while the subject was -"in’- 1 each, of three person- 
alities, with a 2-month period between two testings of- each personality. 

The spatial representation ~ of ~ the~ goodness ; - activeness~ ~and - strength di 

mensions (the usual dimensions -in semantic differential analyses) of the 
concepts showed that there was little similarity in relationships of the 
concepts across the personalities. For all practical purposes, three 
separate persons existed. Each person's perception remained stable over 
the 2-month interval since none of the personalities showed significant 
repositioning of the concepts. Differences in spatial models stemming 
from phenomena of this kind (e.g., multiple personalities, hypnosis, 
drugs, etc.) are due to changes in the subject and are not the result of 
a context change. 

In a study of a group's perception of presidential candidates in 
the 1973 election, Moinpour and MacLachlan (1973) assessed the impact of 
news events on a group's cognitive space over a 9-week interval. Both 
similarity and preference measures were taken at 5 times and a separate 
group cognitive space was derived for each. The five cognitive spaces 
were extremely similar except for small position differences of some can- 
didates. At least three factors peculiar to each individual could ac- 
count for the differences: 1) inconsistency, 2) cognition (i.e., time 
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to think about - ’the - comparisons") ;~or ~3') information-acquisition. 'The' au- 
thors favored the latter explanation but since the others were not 
explored, they cannot be ruled out. 

Although the cognitive space did not change appreciably over 
time, the preferences for the candidates did, and shifts in preferences 
were shown to be related to -major “news 'events; campaign -issues; and can- 
didate characteristics .r This - finding- supports -Cl-i-ffis earlier state-.' 
ments that 'c’nang ing-:-the' judgment -context - had'-only - the effect" of "changing — 
the use of-the-cognitive—spacey-not—the apace “itse~Tf' (CTif f _ 1966a7 _ 

1968): 

Jones and Young (1972) performed a longitudinal study which 
sought changes in perceived social structure for members of a research 
group during one year. It was predicted that various subgroups (e.g., 
new graduate .s tudent syiiloldilr.gradua tes:s tudentsy— dracul:ty.'):rwouTd-'sy-s temati-= 
cally change in their perceptions of the relationships among' themselves 
and others; i.e., the stimulus objects, over the year. An INDSCAL anal- 
ysis was used to form two 3-dimensional research group cognitive spaces 
based on two annual surveys. From a. comparison of the positions of the 
stimulus persons common to the two group spaces, the authors concluded 
that the group structure did not change over the intervening year. A 
clustering analysis of changes in dimensional weights revealed, however, 
small but significant differences among the various subgroups in the two 
group spaces. The differences suggest that a subject's perception of 
the relationships among the various members of the group, including him- 
self, stabilized with increasing seniority in the research group. The 
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inference is that additional (i.e., new) information available about the 
stimulus persons diminishes over time ("as people get to know one 
another") which tends to stabilise perception. But some of the weight 
changes may have been caused by a change in composition of the research 
group (both in the stimulus persons and the judges) over the two-part 
study, so that the stimulus set and the subject set' were changed. Fur- 
thermore, group judgment consistency was not assessed. 

3.2.5 Specification of .Stimulus Attributes Considered 

Three studies required the subjects to judge stimuli on each of 
several specified attributes separately. This procedure generally 
resulted in larger than usual cognitive space dimensionalities and ap- 
proximated the concept of the master space formulated earlier in Chap- 
ter 2. 

Fenker and Brown (1969) defined a conceptual space as the collec- 
tion of all linearly independent psychological dimensions - underlying the 
multidimensional scaling of a set of tasks. They reported a total of 10 
linearly independent dimensions obtained from a single subject in judg- 
ing similarity of random polygons under 15 different task conditions 
which required the subject only to consider each of 15 verbally-defined 
shape attributes. Green and Carmone (1971) extended this work to four 
subjects and used bakery-type food items as stimuli and specific attri- 
butes such as flavor, caloric content, etc. Four to six linearly inde- 
pendent dimensions were obtained depending on the subject involved. 
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Finally,- Wallace (1969) noted- that a limit “on the complexity" of 
kinship terminology apparently exists among human cultures, from modern 
to primitive. He found that for six very diverse cultures, six ortho- 
gonally related distinctions, binary due to sex, were needed to contain 
the definition of all kinship terms. Furthermore, the number of ’kinship 
terms bore no relationship to: .the - complexity of- /the' culture./ ._r - 

3.3 General Review. Observations. - - 

A numb er o-f—c one lu s ions' "C'an~'he - dr aw 'about - *c on text * re's ear ch' 

needs or from faults identified in the experiments: 

1. None of the studies provides a model of how cognition is 
formed, influenced, or changed. Context has not been defined and no one 
has suggested how it might affect a spatial cognitive model. Without 

supporting -theory.,. ru s e of _theu spa tia:l._ c ognit.i vc/rrao d e.l : -may. .b e— *asrs t er.i he- - : - 

statistical or geometric exercise. 

2. All of the studies, in one form or another, have contrasted the 
behaviors of different groups. Experimental results concerning the ef- 
fects of context on group behavior are inconclusive. Part of this incon- 
clusiveness is resolvable through analysis of subject inconsistency and 
the effects of aggregating subject responses. Intraindividual analysis 
is essential in the validation of cognitive models, especially where 
model changes are concerned, yet none of the studies has investigated 
subjects at the individual leve-l. 

3. There is a conspicuous absence of cognitive space replication 
so that their stability (or alternately, subject consistency) can be 
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assessed. Consequently little significance can be attached to findings 
of changes in cognitive spaces in response to changes in experimental 
conditions when subject response variability may also be an underlying 
cause of such changes . 

4. Aggregation of response data from a group can obscure possible 
individual changes. Kaplan (1972) has noted that a change in a single 
element of the cognitive structure of one individual may be offset or 
outweighted -by -ser end iprtous' change's lur -cognitive elements of other - 
individuals.” Bass - and Wilkie (197-3)- argued that the use of groups re- 
quires very strong assumptions (e.g., meaningfulness of interpersonal 
utility or dissimilarity comparison, adjustments for within subject vari- 
ance, and respondent homogeneity) which are often difficult to substanti- 
ate. Additionally, group analysis assumes substantial similarity of in- 
dividual contexts,, .which... implies .that. .all.. individuals. -perceive- the.. same ,_r. 
meaning of a situation. Consequently aggregation of response data from 

a group may obscure any context effects by averaging over individual 
contexts . 

5. Cognitive space dimensionalities are not inherently limited to 
three or less as Shepard (1969) stated. Task instructions may require 
the subject to consider many different stimulus attributes in making com- 
parison judgments and could result in large cognitive space dimension- 
alities. Yet the spaces are related sufficiently to be represented by 

a master cognitive space. It is likewise reasonable to expect that con- 
text variations would also result in different cognitive spaces and 
these spaces could be contained in a master space for an individual. 
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6. No study has addressed context as~ an 'experimental'' variable ' and 
demonstrated how context changes alone can cause changes in a subject's 
cognitive space. Indeed, up to now it has been an open question as to 
whether and how context affects the formation and dynamics of cognitive 
spaces, although as shown in Chapter 1, ‘there has- been some speculation 
that it is influential. 


3.4 Research Objectives 

•The research »to-be -discussed in*-thi-s- report" is** an~attempt to" sat- 
isfy a need stated in earlier chapters and restated immediately above: 

To determine how the context in which dissimilarity judgments are made 
of stimulus application, affects the formation and dynamics of cognitive 
spaces for an individual. The studies reviewed in this chapter sug- 
gested the.rresearch .proc&dur.er used, here 

Chapter 2 outlined a theory of how cognition is formed, reviewed 
the nature of a cognitive structure which behavioral psychologists sug- 
gest an individual uses to form judgments, and related the cognitive 
structure to the spatial cognitive model introduced in Chapter 1. Con- 
text was also defined and an account was given of how it would be ex- 
pected to affect judgments of dissimilarity and how those effects would 
be represented by changes in the parameters of the general form of the 
spatial cognitive model. 

Four context characteristics were selected for investigation 

1, Social environment 

2. Specific stimulus application 


39 



3. Nonspecific stimulus application 

4. Individual perspective 

Experiments presented in four subsequent chapters were designed 
to produce changes in each of the above four characteristics of context 
and to test the effects of these changes upon individual cognitive 
spaces'. To ensure that any observed changes would clearly be those' 
sought, and to avoid the possibility of compensating changes as Kaplan 
(1972) had warned-, -oniy-~one - -characteristic" of context was' varied' in each 
experiment. Furthermore - each 'cognitive' spacer was - replicated - in - order to - 
show that cognitive space changes were due to context change rather than 
to inconsistency of judgments or to cognitive model instability over 
time. Lastly, the experiments were drawn from different areas of appli- 
cation and used different kinds of stimuli. This minimizes the possibil- 
ity that, .a demonstrated— change, in the., spatial cognitive, model .was due 
only to a fortuitous choice of experimental setting, and it indicates 
the generality of the context effect. 
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CHAPTER 4 


EXPERIMENT PROCEDURES 'AND DATA ANALYSES 
4 . 1 Overview 

■The experiments-deser.-ibed-i-n~ Chapters -5-8' were 'designed-' to' demon- 
strate that— coil trodT-ed— changes d:n-'couLext~cau^cause~''changes~Ln'a- spatial 
cognitive- modei“for~an individual-; — Each ‘experiment' consisted- of' deter-’ ‘ 
mining the cognitive space for a particular set of stimulus objects for 
each of a number of subjects under each of two or more contexts — 
context being the manipulated "variable" in the research. The contexts 
were chosen to represent the types analyzed in Chapter 2 and the stimu- 
„lus object S—werenchas ens-toadress LnHtaid:ez:£orAthe--conte.xtrzfco‘---'p.rov-rd‘e~mean^-^ 
ingful and relevant ' experimental tasks- for the subjects. 

To show that the spatial cognitive model changes were due to 
context rather than to inconsistency of judgments or to cognitive model 
instability over time, it was necessary to show that: 

1. A spatial cognitive model can be formed for each subject under 
each context. 

2. The model is replicable under each context. 

3. There are significant changes in the model across context — 
changes in the number, identity or importance of dimensions or in the 
positions of stimuli on dimensions. 


41 



The judgments of dissimilarity from which the spaces were 
created were replicated once for each subject under each context. The 
judgments and the resulting spaces were then analyzed to determine sub- 
ject consistency and space stability within context, and the changes in 
judgments and cognitive spaces across context. 

A master cognitive - space was formed for each, subject, one which 
spanned his individual cognitive spaces for the various contexts. A set 
of dimension weights was determined peculiar to each context such that 
when these weights' were applied to .the-mas ter space,. -they, .approximated, 
in a least-sum-of-squares sense, an individual cognitive space. 

In addition, an attempt (usually successful) was made to label 
the dimensions of subjects' spaces. For this purpose, selected subjects 
under each context were asked the characteristics they thought they 
might have considered in making their judgments. Then some or all sub- 
jects were asked to rate each of the stimuli on these characteristics. 
These data along with measurable characteristics of the stimuli were 
analyzed to obtain labeled dimensions for these subjects’ spaces. These 
subjects' master cognitive space was also labeled for dimension identifi- 
cation. The changes in dimension weights and labels across context were 
interpreted in light of this information. 

All four experiments used the same procedures and data analyses 
and these methods are described in detail below. This chapter thus 
serves as a reference to the four chapters on the specific experiments. 
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4.2 Procedures 


4.2.1 Dissimilarity Judgments 

Nonmetric multidimensional scaling (NMDS) was used to obtain cog- 
nitive spaces from subjects' comparison judgments of stimulus objects. 

The experimental tasks consisted of having the subjects rate all pairs 
of stimuli. J!or n stimuli, there are n(n-l)/2 pairs of stimuli since 
the order isnnot- considered .---impontantrr-rrRafcings- were -rmade ott^a sub jec- ' 
tive, presumably:. --ratio",'' s-ca"le -of-~d fs s imiT'ar-ity'betwe’en^O'- 'and-l 00 . T “ "IshSF — 
numbers mean tr -low - d rss ini Tar ity" whrl'e“a' Ti igh number' meant “high "dissimi- 
larity. 

A set of instructions along with all stimulus pairs was con- 
tained in a booklet which also served as a response recording sheet. 

The instructions introduced the experimental task, the stimulus objects, 
-the. . j udgment -context .'and— th e-nnanpjer^-'o-fcmalcing- -a n"d— ee'c cs-r- d-ing^c e- o mp a-r-i^- ^~ • - 

son judgments. -No mention was made of spatial 'thinking; 

For each subject and for each context, two sets of judgments 
were made. The random sequence of stimulus pairs in the second set differs 
from that in the first, but the pairs were otherwise the same. The second 
set of judgments was never made immediately after the first, but followed 
it from about 4 hours to 1 week later depending on the subject and the 
experiment . 

4.2.2 Attribute Specification 

After making their judgments under the various contexts, some or 
all of the subjects were asked to specify the stimulus attributes they 
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thought they might have considered in making the dissimilarity judgments 
for any of the specified contexts. When possible, known measurable 
properties of the stimuli were added to the list of attributes provided 
by the subjects for purposes of analysis. 

4.2.3 Attribute Ratings 

Some or all of the subjects rated each of the stimuli on each of 
the nonmeasurable attributes' by giving a number to indicate the degree 
to which the stimulus possessed or was characterized by the attribute. 
Comery's (1950) technique was used to obtain ratio scaled ratings be- 
tween 0 and 1 for the first experiment (Chapter 5). A scale value of 
unity characterized the stimulus having the greatest degree of an attri- 
bute. For the attributes used in the remaining experiments (Chapters 
6-8) the -sub jec-ts -were— required, only -to -rank order- the; stimuli . The -set 
of ratings of all stimuli on one attribute by one individual is called 
a property vector. The measurable or otherwise known values of the phys 
ical properties of the stimuli also constituted property vectors but 
these did not depend on subjective judgment. A separate set of property 
vectors was maintained for each subject in each experiment although in 
the case of physical properties, some of the property vectors were iden- 
tical for all subjects within an experiment. 
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4.3 Analysis 


4.3.1 Construction of Spatial Cognitive Models 

The comparison judgments for each .context and .each .subject were 

represented as an individual .symmetrica] dissimilarity matrix where cell 

i- j ind icat ed— ther de gr eevo f- rdrssiiirrtar-r tyvbe tween— s-txmuti'“i-'~an-d'^j' -under — • 
a given context. Each matrix was analyzed using Kruskal 1 s (1964a, 

1964b) iterative nonmetric multidimensional scaling (NMDS) algorithm 

called MDSCAL-V . ( Kruskal _ 196 9 )...to -give _a-S.patial repres.entatian._of_.the_ .. 

s t imuli- —The— algor Lthm_ s eeks.r.anr-m-d imensionah~.-s pa tdLal- -rep re sent-ati on— o f — 
points, one for each stimulus, such that the rank order of the inter- 
point distances approximates the rank order of the input dissimilarity 
judgements (see Appendix A for a more detailed description of Kruskal' s 
algorithm) . 

A value of stress S(m) is associated with an m-dimensional repre- 
sentation of a set of stimuli, and indicates the degree of nonmonotoni- 
city between distances in the representation and the dissimilarity judg- 
ments. Since stress decreases with increasing spatial dimensionality, 
a problem exists as to choosing the "correct" value of m. If m is cho- 
sen too large, noise is treated as meaningful information resulting in 
spurious dimensions. .If m.is chosen .too .small ,. the spatial representa- . 
tion inadequately describes the dissimilarity judgments. A statistical 
test for choosing the "correct" value of m using a simulation derived 
empirical sampling distribution for stress was used in this research 
and is described in Appendix A. 
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4.3.2 Comparison of Judgments 

To avoid confusing change due to context with inconsistency of 
response or instability of the cognitive model over time, analysis of 
consistency and stability of the judgment data is necessary. If consis- 
tency and stability can be established, then a comparison of judgment 
data- over context changes can be used to detect contextual influences.. 
Two direct measurements were used for these comparisons: a product- 

moment-correlation between sets of judgments, and a matrix similarity 
measure between the cognitive spaces derived from these judgments. The 
judgments came either from replications of the experiment under the same 
context if consistency was being assessed, or from two experiments per- 
formed under different contexts when context effects were analyzed. An 
indirect measurement using a master space to represent several cognitive 
spaces from one' individual was a-lso used -to detect- contextual' influences . 
These techniques are described in turn. 

4. 3. 2.1 Product-Moment-Correlation . Each subject was required 
to make two sets of dissimilarity judgments for each context, the sec- 
ond set being a retest. The check for subject response reliability was 
performed by computing the Pearson product-moment-correlation rg between 
the test and retest judgments when the contexts were the same (S). Since 
the correlations were expected to be high for reliability, accepting a 
null hypothesis that the population correlation coefficient Pg is non- 
zero between sets of judgments when the context is the same, is a weak 
test. A stronger test would be to accept the reliability hypothesis that 
pg > p, where p = .90, say. Dissimilarity judgments were assumed to be 
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reliable if the reliability hypothesis could not be rejected at the .05 
significance level. 


Differences in dissimilarity judgments .when the context was - 
changed were detected by computing -rj) between sets -of judgments-made--. 

— when— the rcon t exfc s— wer e~d r fiber rlihe ser-jud gments^wer^~xndepren'- 

dent, the population -coefficient pp between them would 'be" zero. When - , 
the context changes, however, it is expected that the judgments will ap- 
pear to be from diff erent.._co.gniti.ve-.spaces.,, _but_not _so_.di£ferent- that~.no — 

is that p D < p, where, say, p = .40. Dissimilarity judgments were as- 
sumed to be different and therefore influenced by context changes if 
the difference hypothesis could not be rejected at the .05 significance 
level. 

Although the true sampling distribution of r when p r zero is 
. very difficult ..to .derive, a large sample-approximation .to a normal... 
statistic is given by 


ViT- 3 (1 + r)(l - p) • 

2 (1 - r) Cl + P) 


( 1 ) 


where k is the sample size (Fisher 1921); here k = n(n-l)/2 and n is the 
number of stimulus objects in the experiment. This statistic can be 
used for a test of the reliability hypothesis and the difference hypothe- 
sis. Curves for a significance level of .05 for these hypotheses were 
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computed using Fisher's normal approximation for n = 9 and n = 14- 
stimuli and are given in Figure 4-1. In order to simplify the presen- 
tation of comparison statistics when several contexts were involved, 
worst-case estimates were made for the population correlation coef- 
ficients Pg and Pq using worst-case reliability and difference sample 
correlation coefficients rg and'rp and Figure 4-1. Worst-case means: 
that the values used for rg were the lowest of those from the various 
contexts investigated for each subject for assessment of judgment relia- 
bility, and the values of rp) were the highest per subject when the ef- 
fects of context changes were assessed. This procedure provided the 
lowest value of pg and the highest value of pp> for which the reliability 
hypothesis and the difference hypothesis could not be rejected at the 
.05 significance level. 

The effect of context changes on dissimilarity judgments was 
also demonstrated by determining the significance of the difference be- 
tween the two population correlation coefficients. This tests the hy- 
pothesis pg > pj) where the subscripts refer to comparisons in which the 
contexts were the same (S) or different (D) . A normal deviate for 
testing this hypothesis is 


z 


k - 3 


In 


£ + r s)( x - r p) 

( x - ^C 1 + r D ) 


C2; 
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Sample correlation coefficient, r 

Figure 4-1.- Significance level a = .05 for product moment correlation 

coefficient. 


a result also due to Fisher (1921). Curves for a significance level 
of .05 for this test are given in Figure 4-2. If the worst-case relia- 
bility coefficient rg for each subject is used as a reference value, 
Figure 4-2 gives a worst-case value of the difference correlation coef- 
ficient rj) consistent with the two coefficients being statistically dif- 
ferent at a .05 significance level. This value of rp is referred to as 

r D 

u nax 

Although the - product moment correlation coefficient can be 
thought of as simply a measure of linear fit, the use of the above sig- 
nificance tests assumes that the two judgment sets used in comparison 
tests are bivariate normally distributed. This assumption was not 
tested rigorously since there was no theoretical reason to suppose that 
the population of judgment pairs were bivariate normal. The actual ex- 
perimental data, -however ,' were-' examined’ for - outliers and • 'appeared "to be 
approximately bivariate normally distributed. 

4. 3. 2. 2 Matrix Similarity Measure . Cognitive spaces derived 
from the original dissimilarity judgments under each context and across 
context were compared by using a similarity measure based on a matrix 
fitting technique proposed by Schonemann and Carroll (1970). Since the 
stimulus coordinates of a cognitive space could be written in the form 
of a rectangular matrix (stimuli x dimensions), configurations of two 
spaces could be compared by comparing their matrices. The matrix fit- 
ting technique examines the similarity of two cognitive spaces by ro- 
tating, translating and rescaling (i.e., a similarity transform) one 
matrix to attempt to "match" the other (see Appendix C). The matrix 
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Figure 4-2.- Significance level a = .05 for difference between 
reliability and difference correlation coefficient. 
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similarity measure (MSM) used to determine the degree of match was 
adapted from a measure (S) proposed by Lingoes and Schonemann (1974) to 
measure the success of that technique, where MSM = yj 1-S . MSM varies 
from 0 (no match) to 1 (perfect match). A perfect match means that an 
appropriate similarity transform can be found to make the spaces identi- 
cal. An. empirica-1 cumulative distribution function F(MSMjn,-m) for the 
statistic MSM was generated by the present author using Monte Carlo simu 
lation for n ~ 9 and n - 14 stimuli for dimensionalities m = 1-5. Se- 
lected values of this function are given in Table C-l of Appendix C. 

The simulation procedure consisted in repeatedly computing the MSM be- 
tween two random n x m matrices with uniformly distributed column ele- 
ments that were scaled to zero mean and unit variance. This distribu- 
tion- was used to test the null hypothesis that the two matrices were 
random and independent-.-'-^-When- cognitive- -space-- -reii-abi-M-ty -was being' as-- ‘ 
sessed, the test of the null hypothesis was weak since the sampling dis- 
tribution of MSM under the alternative hypothesis could not be speci- 
fied. It was expected that in tests for reliability, the null hypothe- 
sis would be rejected. The MSM was also used to demonstrate differ- 
ences between cognitive spaces. Here, the test of the null hypothesis 
was strong since it was reasonable to expect some similarity in two 
cognitive spaces from the same experiment even though the context was 
changed . 

Since the application of a matrix similarity measure was new to 
the area of cognitive spaces, the more familiar correlation coefficient 
between the judgments was used in parallel in this research. Yet close 
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comparisons between th'ese two -'measure S' can not be made since correla- 
tions were used to measure similarity of the input judgments while the 
MSM was used to measure the similarity of the output cognitive spaces 
derived from the judgments. 

4. 3. 2. 3 Master Cognitive Space . An ind ire ct measure of change 
in cognitive space resulted from the use of a master space which quant- 
ified and- assisted- -i-nterpretatioir-cr£ -the; change-. Carroll - and' ..Chang, c 
(1970) develop ed"-an - -a-lg'or rthnf _ caibed“ TNDSGAL 'fbr'-comp : ari s on”o-f' cogn i-t'ive - 
spaces from different -subject sv * *It -defines - - a - "common - space r a~ “space com- 
mon to a group of individuals, and a set of dimension weights which are 
unique to each individual (see Appendix B for a description of INDSCAL) . 
When applied to the common space, an individual's dimension weights - 
provide an approximation to his cognitive space. In the present work, 

C ar ro ll_and:-Changis .-technique i. was —ad apt e'd^.fcomomparhaonrxif-jcognr-tiven^.m 
spaces derived from -a - simgT'e - subject under - differ exit — context 'conditions'. 
It resulted in a master space — a cognitive space for one individual 
common to two or more context conditions with a set of dimension weights 
unique to each context. When applied to his master space, an individ- 
ual's dimension weights for a context provided an approximation to his 
cognitive space for that context. Thus all single context spaces were 
spanned by the master space. The dimensionality of the master space was 
no less than the greatest dimensionality of the various context spaces 
and no greater than the sum of their dimensionalities. The basic inter- 
pretation is that the individual acted as if he had the master space at 
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nis disposal and differentially weighted- dimensions- according to the con- 
text. The weights indicated how the subject emphasized or used certain 
dimensions in certain contexts and a change in weights demonstrated 
the effect of context. 

The degree to which the master space approximates a cognitive 
space is determined in INDSCAL by the product-moment-correlation between 
the squares of the stimulus interpoint distances in the original space 
and the respective-*di'stances~in-the ’ dimensionally-weighted- master space-.- 
rhe choice of minimum dimensionaTrty can be based -on -either 1) the low- 
est correlation among those for a set of cognitive spaces, or 2) an 
average correlation over a set of spaces. Both parameters are available 
from INDSCAL. This research derived the minimum dimensionality by in- 
creasing the dimensionality until no appreciable gain in average cor- 
relation between —the^input.-in£er-point.-diatances_and.-..the. reconstructed — — =. 
interpoint distances was realized. The sum of the squares of the dimen- 
sion weights for a context space measured the goodness of fit between 
the dimensionally-weighted master space and that context space. 


4.4 Cognitive Space Dimension Labeling 


Nonmetric multidimensional scaling (NMDS) analysis of dissimilar- 
ity judgments results in individual cognitive spaces in which objects 
are represented by their projections on m dimensions. However, the anal- 
ysis does not reveal the nature of the dimensions. If the dimensions 
can be identified or labeled, they can suggest how the subject arrived 
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at his judgments' and -how they r are - affected- by- .-context Since the-'indi— ■ 
vidual can describe the stimuli in terms of attributes, either measur- 
able ones of the stimuli, or subjectively perceived ones, it would seem 
reasonable to assume a relationship between the attributes he would name 
and the spatial cognitive* dimensions . -One might then 'expect to infer 
the identity_of.^ ror.- tor.derive. lab.els_ for— the .dimensi.onsu.from. this. set. of. 
at tributes — F.or* .analysis-, a-. -proper-tv - vae.-tox- P—was --formed^, f o r~ e ache-sufe-— s a ;■ 
j ec t - for i e a cl m -n anreftra' fcterbu-fce rcrAr-cump-o n en tT-cr&rt hi's -.ve'ctor-r-p^.f ndi'cntred- — 
the- degree- to'-wh-rcfry-for— h imy- stimuiu s~ j—pos sess ed— or- was— char act eri-znrd — 
by the attribute. The property vector P was defined on either an inter- 
val scale or a rank order scale depending on how the attribute's compo- 
nents were assessed. 

A label is a directed line in the cognitive space and consti- 
._tu tes a ne.w--d intension i n- t hat spare-.- -Both-, of rt be- 1 abed-in g ,terhirLquesr===. ; - 
used in this research and described here- are concerned -with finding 
labels in the cognitive space such that, the* projections of -the - stimulus - 
points in the space on the label are maximally correlated with a prop- 
erty vector. The directional cosines of the label are determined from 
a linear regression of a property vector (the coordinates of which are 
values of the dependent variable) over the stimulus coordinates (the in- 
dependent variables). The label, or new dimension in the cognitive 
space is thus linked to a property vector and the identity of that dimen- 
sion is based upon the attribute that the property vector represents. 

The labels do not necessarily identify "old” cognitive space dimensions, 
although they might, but generally define "new" dimensions for which the 
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identity (label) is known. Simply, a label defines a direction with 
known identity. 

A cognitive space is considered to be labeled if the property 
space (a space that has property vectors parallel to the corresponding 
labels) spans the- original '"cognitive spacer That is, each cognitive 
space- dimension- (viewed as^ a- vector de*fined by the projection of the 
stimulus points on that dimension) is a linear combination (in a vec- 
tor algebra sense) of one or more of the property space dimensions 
(i.e., labels). This - requires that 1) there are at least as many la- 
bels (i.e., property vectors) as there are cognitive space dimensions, 

2) the labels are sufficiently independent (measured by correlation), 
and 3) the labels correlate well with the cognitive space. The possi- 
bility that one or more of these requirements may be unsatisfied will 
be taken up subsequently. 

Two techniques were used in this research to construct labels 
for the cognitive spaces, linear regression and monotonic linear regres- 
sion. The choice depended on whether the property vector had been meas- 
ured on an interval scale or a rank order scale, respectively. The re- 
gression techniques are sometimes referred to as "fitting" techniques 
since their aim is to orient or "fit" the property vector in the cogni- 
tive space in order to label the space. 

4.4.1 Linear Fitting 

Linear fitting is a technique of finding directed lines (labels) 
in the cognitive space so that the projections of the stimulus points on 
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the lines are maximally -correlated .with-fche values -of*- the 'property - - 

vectors. Linear fitting is only appropriate if the property vector is 
defined on at least an interval scale. Then the directional cosines of 
the line are defined by the beta coefficients from a multiple linear re- 
gression of the components* of -a property vector "(dependent 'variable)' *"' ~ 
over the stimulus .coordinates: -in. the. rcogn itive- :sp.ac£':(:independent--*var.ir . 
ables). . The-.goodness ^of-fitoinrde'termined.eby- the -.multiple* correlation 
coe f fici enkuantLimea sure srrth erabrllrtyrnDlrr th era 1 1 rib u tero nnwhi rfrxthem.'vr -rrr *t - 

property vector -is"*based , -to-ident ify "*or ”l'ab*eT — a" direct i*on-*(~or ~d imen- 

sion) in the cognitive space where the direction is defined by the 
constructed line. That the correlation is nonzero is tested with the 
two-tailed student's— t distribution. This research used the linear 
fitting technique available in the "maximum r method" (i.e., maximum 
product moment-c orre-ba t ioncc oa££-ic.ient)— proc edurero f uMill er-g. , -Shepard . — 
and Chang (1964) which has been conveniently implemented into Ghang • 
and Carroll's (1964) computer program PB.OFIT* (Property Fit ting) .- 

4.4.2 Monotonic Linear Fitting 

When the property vector 'was defined on a rank order- scale, a 
fitting technique called CM5 (Conjoint Measurement) devised by Lingoes 
(1973) was used to find labels. The objective of this technique is to 
find directed lines (labels) in the cognitive space so that the projec- 
tions of the stimulus points on the lines are maximally correlated with 
a set of ratio scaled numbers (called a psuedo property vector) which 
have the same rank order as the components of the original property 
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vector. This objective is tantamount to maximizing the rank order cor- 
relation between the property vector and the projections of the stimulus 
points on the label. The term conjoint is derived from the fact that 
the lines and the set of numbers with the specified rank order are si- 
multaneously or conjointly' determined. Lingoes' technique begins with 
an arbitrary pseudo property vector which is monotone .with the rank 
order of the property vector. - Then a standard linear, multiple regres- 
sion model is- u-sed to -re-l-ate- -the:-pseudor pxoperty vector. torthe - cognitive- 
space stimulus coordinates-.- - -Next', the- pseudo property -vector- is— ad- • 
justed based on the results of the linear regression and another lin- 
ear multiple regression is performed. This process is repeated until 
a multiple correlation coefficient between the pseudo property vector 
and the stimulus coordinates is maximized. The beta coefficients from 
the final regression, .provide. :th£:_dir.e.ctiojiai. _c.o.3ines^.of. .a .line in .the — 
cognitive space such that the stimulus projections on this line have 
the same rank order (or nearly so) as- the respective property vector. 

The collection of lines produced by these fitting techniques de- 
fine a new coordinate system (and new stimulus point coordinates) for 
the cognitive space. Since the identities of these lines are known as 
they represent known properties, the new coordinate system and the origi 
nal cognitive space are said to be labeled . 

4.4.3 Nonorthogonal Labels 

It is frequently the case that the labeled dimensions obtained 
in the above manner are not mutually orthogonal. This situation may 
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occur when the number of property vectors available exceeds the dimen- 
sionality of the cognitive space, or when the labeled dimensions (and 
the underlying property vectors) are interdependent. The interdepend- 
ency of the labels can be described -by their- label intercorrelation 
■ matrix. * A •■problemr-may^then^^exis-t-T'as^ntor-find'i-ngr-a^setirof : orthagonair^-r'?— 
dimensions that -labels the cognitive space.- -The solution lTies .in factor 
analyzing the -intercorrehation’-matri-x. * “The ‘application - of “factor anal- - 
ysis to the problem of finding orthogonal lines, or the labeling _of a. 

cognitive, space i s . original- fn-. thi s .rp.sp.ar.f'.h.^ — Ihe_^reader~isrre£erxed— tcc- 

other sources (e.g., Fruchter 1954) for information on factor analysis. 

The general goal of factor analysis is the redefinition or reduc- 
tion of a set of intercorrelated variables (scores) used to represent 
data from subjects to a.smaller set of new, uncorrelated scores (fac-. 
tors) which are def ined'solely in terms of the original scores, and 

which retain the most ’.'important" inf ormation. in the .original -scores 

This relationship can be represented by the matrix equation 


S = FV 


(3) 


where S represents the standard scores (zero mean, unit variance), F the 
uncorrelated factors, and V the factor loadings of the scores. A basic 
assumption of factor analysis is that the intercorrelation between the 
scores can be accounted for by the nature and extent of their common 
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factor loadings. This results in the basic equation factor analysis for 
independent (orthogonal) factors 


R - FF' (4) 

where R is the in te rc o r r eTat Tonnmatx ix-rof ' "the ’scores-^and-'F' u ‘“is'"the " ■ 
matrix transpose of F . 

When factor analysis was applied to the labeling problem) the 
directed lines or labels obtained by either of .the .above, fitting proce- 
dures were viewed* as -.cor.r.elated._L , .scoresI , ~ and~represented».as. matrix-L - - 

Factor analysis determined a set of independent labels (i.e., factors) 
represented as matrix L which were the most "important" information from 
the total set of labels. That is, factor analysis determined the m inde- 
pendent lines that underlie the p lines, where m was the dimensionality 
of the cognitive space to be labeled and p was the number of property 
vectors (m _< p). The m-dimensional cognitive space could then be de- 
fined in terms of these m orthogonal lines. Since the identities of 
these dimensions were known, the cognitive space was said to be labeled 
by the m lines. 

Let Rpp be the intercorrelation matrix among the p lines. Then 
this matrix can be factored to find factor loadings Fp m such that 

R = F F‘ 

pp pm mp l.-v 


and the matrix of m independent lines can be obtained from 

A 

L = F L 
pm . pm mm 


( 6 ) 
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where Lp m is the matrix of p intercorrelated~lines in ‘the m-dimensional- 
cognitive space. 

Although factor analysis can determine a set of orthogonal 
labels, it does not indicate how these labels are correlated to the 
cognitive space. This in format ion "is obtained from the ‘fitting’ tech-' 

niques and is. aontained.j;ii. -the. multiple .correlation .coe'ff relents be- 

tween the labels and Athene ognitive - space -stimulus -'coordinates.' .“-Label 
-.and cogn it i ve -rs p a c e— r elated n ess ~wa s^-i- nno r po r ate d' - itr^ the'— 1 ab e t i ng ~ pr o c - ~ ~ ~ 

ess by weighting- the- origina-l— fact or -loading s—f or— each" -label "by“the * 

respective multiple correlation coefficient and then rotating this new 
factor loading matrix to a varimax condition (Kaiser 1958). The vari- 
max condition results in a simple structure in which the variances of 
all the coordinates (factor loadings) are maximized. In other words, 

each column is._irsimpii£ia.d-"_as_.much cas. -passible. cinrkeeplngaw rthrrthg— 

restrictions of~orthogonaii-t-y -of --columns Ideally -a~-fac tor- loading ma- 

trix with simple structure would have only one nonzero loading in m - 
of p rows and only one nonzero loading in each of the m columns. 

In general, one must make a judgment as to what labels are appro- 
priate for describing the cognitive space. The procedure suggested here 
and used in this research was to examine the rotated multiple correla- 
tion coefficient-weighted factor loading matrix for the m rows (repre- 
senting lines) which had the largest values in the columns and rows in 
which they appeared, where m was the dimensionality of the cognitive 
space. Additionally, the other values in these rows and columns should 
have been small. Then the cognitive space was said to be labeled with 
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the attributes represented by the lines associated with the m rows 
(lines) so chosen. 

4.4.4 Cognitive Space Labeling : Quantitative Measure 

The labels chosen for a cognitive space are required to be mutu- 
ally orthogonal .(or nearly .so) to be significant descriptors -and to 
span the space. . While- the first, two .requirements have been addressed 
above, the -ability of 'thevchosenrclabel-s-uto.tspan tire “cogn it i v e~: s p-ac e' re an' = 
be assessed by computing the matrix similarity -measure- (MSM)- between the 
component factor scores and the cognitive space. (The MSM is an index 
developed for this research to determine the similarity of two cognitive 
spaces and is discussed in detail in Appendix C.) 

If the original property vectors (or in the case of monotonic 
linear fitting, . p.s eudo. .prop er. ty_ i.vec.fco r.s.) .are-;resca.led :as- 2 — score3.f .then . 
the following formula expresses the method of computing component factor 
scores : 

X = Z F E" 1 (7) 

nm np pm mm 

where X = component factor scores, an approximation to the 
cognitive space 

Z = z scores of property vectors 

F = factor loadings 

E = diagonal matrix of eigenvalues of Rpp 
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The ability of'X to span the -original 'cognitive~space”X -is • then 
measured by computing -the MSM between X and— X." A- high value -of -MSM - 
(approaching unity) indicates that the cognitive space. can be 
approximated by a linear combination of the set of property vectors and 
strongly Suggests 'that the "individual acts as if' the respective attri- 
butes were .directly cused_in...makingr,the -comparison- judgments 1 .. Con-— ~ — 
versely, the MSM can approach czero^if .1.). the- set._of^property .--vectors ■ 
analyz ed -does— nofcrrepres-ent—one— ("or~mo:re^— attrlbute-sr-ac-tnailyrased— by--^^= 
the -individual— -or -2 )- the—label-s— are— poorly- correlated— with" thre' "property " 
vectors, or both. 


4.5 Summary of Analyses 

This section lists the analyses performed for each experiment. 

—Eor ::so.meuexp erlmenf- su— becians erthemumberr^ifL-s u b j ec.t sciwasc son Tar.geyr r 
either a summary of -certain—resul ts o-f -the- ana lysis -i-s -given-,- or de- 
tailed analyses are— provided- -for-a—typ real subject In" the" experiment . • 
The following analyses were performed for each subject in each experi- 
ment : 

1. Development of and selection of an appropriate dimensionality 
for a spatial cognitive model of original and replicated judgments for 
each context. 

2. Comparison of dissimilarity judgments for the same context and 
across different contexts. 

3. Comparison of cognitive models for the same context and across 
different contexts. 
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4. Development of and selection of - an appropriate dimensionality 
of a master space for all contexts. 

5. Examination of the change in dimensional weights of the 
master space with a change in context. 

The following analyses, were performed for some of the subjects 
randomly selected in each experiment: 

1 . Development- of property vector's 

2. Labelling of 'cognitive ‘space -for “each' context - ■ 

3. Labeling of the master space — - 

4. Comparison of the individual cognitive space labels with the 
master space labels with consideration of the master space dimension 
weights 

5. Examination of the change in cognitive space labels with a 
change in -context . r 

6. Comparison of cognitive -model- -and- a spatial model represented- 
by component factor scores from labeling for each context 
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CHAPTER 5 


THE EFFECT’S OF- 'SOCIAL- ENVIRONMENT* CHANGES 
UPON SPATIAL COGNITIVE MODELS OF TV PROGRAMS 

5 . 1 Summary 

Twenty-three subjects judged the dissimilarity o£ the same set 
o f -lA_p.apular__TV„programs_.wli-ile_.as-s.uming_dL££exent_con.tex-ts —in— whi ch*~ 
viewing would take place. The specified contexts were the social envi- 
ronments defined by the other persons (spouse, close friends, young chil 
dren, church minister) who viewed the programs along with the subject. 

Four different cognitive spaces, one for each context, were de~- 
veloped for each subject and the four spaces generally differed in 
dimensionality., ..dimension— labels and stimulus -.point configuration. For- 
each subject, it was found that the four cognitive spaces could be con- 
tained within a high dimensional (often 6 or more) master space. Each 
of the four spaces obtained with the four contexts was represented in 
the master space by a set of unique weightings for the orthogonal dimen- 
sions with some near zero weights indicating that -the- associated dimen-_ 
sions or attributes were not necessary for discrimination among the TV 
programs in certain contexts. 



5.2 Experiment Background 


Probably the most pervasive and influential environment effects 
are social. The social environment can be described by the additional 
participants to the task action, their apparent roles, and their inter- 
personal relationship s'whfelr •the-subj ect?-.— 'This-* chap ter' presents "the -re- ■ 
suits of an experiment, dealing with the effects of social environment on 
spatial cognitive models. The experimental results have implication for 
marketing, especially in the use of visual media and TV programming. 

P_r ed i c ti ng .-ind.i-vidua.1 cho.ic.e-jLS_.cr±ti cal._t a_e ££ ec ti v.e._marke t ing - 

Many researchers have attempted to predict purchase rates or brand 
choice from respondents’ demographic or personality characteristics, but 
results have not been encouraging (Evans and Roberts 1963). Some more 
recent research shows that individual .choice among similar alternatives 
appears to be governed by specific attributes of those alternatives 
(e.g., Frost 1969). Lehmann (1971) examined the effectiveness of a 
preference model for TV programs based on specific attributes. The 
model assumed that the programs were points in a multidimensional space 
and that preference was inversely related to the distance of a point 
from an ideal point (defined by the ideal amount of each attribute). The 
model was somewhat successful in that the average correlation between . 
subjects’ stated preference ratings of TV programs and model predictions 
of preference ratings was .49. 

Context may also alter the relationships among attitude, choice, 
and preference. Friedman and Fireworker (1977) have noted an apparent 
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belief among TV executives that certain types of programs should only be 
shown during specific time slots when certain audiences are watching. 

This suggests that the executives consider context to influence program 
preferences . 

■ — — : — -I-fe— wa s—ne t— the—purp ©s e— oifr-Ltfe-i-s— .ex-p erh:fflenrfe^feor:--eo'nsi‘de-r;'eh's i-cef-or:^^- 

preference, but- the results demonstrated that changes in the context, - 
the social- environment— fn-which- a -program was~viewed“, produced' substan- ■ ■ 
tial changes in the perception of the program.. IThese changes, ..in .turn,. 

_wo.uld_b e_.exp.ac±.ad_t©_£xerJt_.s Lgni-ficant i nfluencas_.on ...i ndi vidua! — 

preference and choice behavior. 


5.3 Method 


5.3.1 Stimuli 

The stimuli were the names of 14 TV programs selected from a 
(then current) 1975 TV Gui.de (see. Table. 5-1) . — All- programs -were sched-. .. 
uled for prime time viewing, thought to be familiar to most people who 
at least occasionally watched TV, and representative of the variety of 
available shows. 


5.3.2 Subjects 

Twenty-three subjects participated in the phases of the experi- 
ment requiring dissimilarity judgments, but due to subsequent unavail- 
ability of the remainder of the subjects, only five were carried through 
all phases with accompanying analyses. The subjects included 15 men and 
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TABLE 5-1.- STIMULI FOR TV PROGRAM EXPERIMENT 


1. The Smothers Brothers 

2. The Rookies 

3. Adam- 12 

4. National Geographic Special 

5. M*A*S*H 

6. Hawaii Five-0 

7. Marcus Welby 

8. Little House on the Prairie 

9. Petrocelli 

10. The Waltons 

11. Wide World of Sports 

12. All in the Family 

13. 60 Minutes 

14. Hot'l Baltimore 

8 women ranging in age from about 25 to .50 who were volunteers from a 
book discussion group. 

5.3.3 Procedures 

The 23 subjects rated the subjective dissimilarities of the 91 
pairs of the 14 TV programs in accordance with the general procedures 
detailed in Chapter 4. The subjects were instructed to make the dis- 
similarity judgments by considering that they would view the programs 
under each of four social environments; (1) good, close adult friends, 
(2) one’s church minister, (3) one’s children, and (4) one’s spouse. 
All judgments for each context were replicated using different random 
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orderings of Che stimulus pairs and different orders of context presen- 
tation, but the stimulus pairs were otherwise the same. 

All subjects were asked to specify the attributes of the pro- 
grams they considered-in- making . the .dissimilarity.-judgments Because - 

collective ly— -the i-r- '9 -at-tr-ibutes--cove-r-ed j ‘-those jc mos't'~'frequently--mentioned=f » 
10 of the 23 subjects were interviewed individually to solicit words or 
phrases descriptive of the 9' attributes’ mentioned . These are” given" in 
Table 5-2. 


TABLE 5-2.- STIMULUS ATTRIBUTES USED IN TV PROGRAM EXPERIMENT 


1 . 


2 . 


3. 


4. 

5 . 
6 - 


7. 


8 . 


9. 


10 . 


Maturity, average age level 

Invites personal involvement 

Humorous, comical 

Suspenseful, mysterious 

Educational, informative, value-laden 

Active, dynamic 

Well-produced and directed 

Depicts goodness, well-being, harmony 

Controversial, satirical 

Personal preference 


Only 5 of the original 23 subjects completed the remaining part 
of the experiment which required these subjects to rate the programs on 
the 9 attributes and also on personal preference. A set of 10 ratio- 
scaled property vectors was formed for each of the 5 subjects from these 
ratings. The description of the analysis and the discussion which fol- 
low refer, for convenience, to one subject chosen at random from the 
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5 who completed all phases of the experiment because his data are typi- 
cal. He is referred to as subject A. (Results for the other 4 subjects, 
for whom property vectors were also derived, will be referred to where 
appropriate.) Subject A's property vectors for the 14 programs are given 
in Table *5-3; intercorrel-ations are- n given'~in' Tab'le ‘-5-4v- *- 

5.4 Analysis 

5.4.1 Construction of Cognitive Spaces 

-Four cognitive spaces., were -developed for. -each- .of -the 23’ subjects . 
under the 4 contexts using the techniques discussed in Chapter 4. One- 
to 4-dimensional spaces resulted for each context. The stress values 
for each number of extracted dimensions for subject A is shown in Figure 
5-1. Using the dimensional selection procedure described in Chapter 4, 
spatial models dimensionalities for the friend , minister , child , and 
spouse context were selected to be 3, 4, 3 and 2, respectively, for sub- 
ject A. The dimensionalities selected for each of the 23 subjects 
are given in Table 5-5. 

5.4.2 Comparison of Judgment Data 

Chapter 4 described procedures for comparing sets of dissimilar- 
ity judgments using the Pearson product-moment-correlation coefficient 
(r), and for comparing cognitive spaces derived from the judgments using 
the matrix similarity measure (MSM) . Table 5-6 presents worst-case sum- 
mary statistics for comparison of judgments for the 23 subjects. Worst 
case means that the values listed are the lowest comparison statistics 
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TABLE 5-3.- PROPERTY VECTORS FOR SUBJECT A: 
TV PROGRAM EXPERIMENT* 


Television' 

program 
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3 
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u 
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o 


£3 

- pH 

PC - 

CO 

W — 

- <U 

- - 

o - 

o 

PU - > 


Smothers — » - 

-ST- 

» 84- 

■ 31 

— 98 

- - 27 - 

- 71 

'■ 26 > 

-43 ■ 

- 34- 

- 36 

Rookies 

100 

45 

60 

49 

36 

75 

42 

52 

53 

42 

Ad am- 12 

65 

61 

27 

89 

27 

79 

21 

37 

28 

15 

Geographic 

82 

91 

40 

70 

21 

47 

46 

63 

57 

’ 29 

M*A*S*H 

71 

- 70 - 

13 

- 71 

- 78 

70 

- 46 - 

- 63 

- 23 - 

32 - - 

Five-0 

87 

53 

27 

100 

88 

78 

56 

41 

30 

42 

Welby 

58 

41 -■ 

18 

■ 72 

- 84 • 

■100 

- 69 

66 

30 

48 • 

Little House 

54 

100 

27 

73 

51 

- 90 

45 

62 

29 

51 

Petrocelli 

78 

99 

41 

83 

74 

72 

65 

100 

23 

100 

Waltons 

80 

79 

29 

64 

95 

79 

74 

66 

47 

26 

Sports 

70 

82 

18 

20 

100 

65 

100 

93 

20 

55 

Family 

95 

73 

100 

23 

17 ■ 

- 51 

27- 

44 

100 

29 

60 Minutes 

80 

62 

60 

75 

33 

71 

44 

47 

71 

28 

Hot'l 

92 

61 

84 

33 

55 

42 

63 

48 

96 

58 


*Decimals omitted. 
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TABLE 5r4s>-> INTERCORRELAT-IONS --OF' PROPERTY- VECTORS: . . - > •- 
SUBJECT A OF THE TV PROGRAM EXPERIMENT* 


Attribute 

Maturity 

Personal 

Humorous 

Suspenseful 

Educational 

c , 

Active 

Produced 

Goodness 

Controversial 

Personal 

-22 









Humorous 

69 

-12 








Suspenseful- . - 

-26 

03 _ 

.r52 







Educational 

-33 

-06 

-56 

-04 






Ac tive 

-63 

-21 

-65 

52 

38 





Produced 

-21 

07 

-30 

-37 

84 

07 




Goodness 

-33 

50 

-34 

-27 

58 

09 

73 



Controversial 

63 

-19 

93 

-53 

-51 

-68 

-25 

-44 


Preference 

-05 

33 

-00 

-07 

40 

03 

50 

71 

-22 


^Decimals omitted. 
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Final stress, n.d . 



Figure 5-1.- Final stress vs. number of dimensions extracted for four 
social environments: Subject A of TV program experiment. 
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TABLE 5-5.- COGNITIVE SPACE DIMENSIONALITY SELECTED FOR EACH SUBJECT: 

TV PROGRAM EXPERIMENT 


[p < .05] 


Context 

Subject - 

A 



D 

E 

F 

G 

H 

B 

D 

K 

L 

M 

N 

0 

P 

Q 

R 

V 

S 

T 

U 

V 

W 

Friend 

3 

2 

2 

2 

3 

1 

3 

2 

2 

2 

4 

3 

1 

4 

2 

4' 

1 

4 

V 

3 

3 

2 

4 

3 

Minister 

4 

4 

4 

1 

3 

2 

4 

1 

4 

l 

4 

3 

2 

2 

2 

2 

4 

2 

3 

s 

3 

4 

4 

2 

Child 

3 

2 

3 

2 

2 

2 

2 

4 

2 

3 

3 

2 

2 

2 

2 

4 

4 

4 

4 

2 

2 

3 

3 

Spouse ! 

i 

2 

2 

4 

2 

2 

1 

2 

3 

3 

2 

1 

3 

2 

3 

4 

2 

2 

2 

2 

3 

4 

2 

2 




of those from the various contexts compared for each subject for assess- 
ment of judgment reliability, and the highest comparison statistics when 
the effects of context changes were., assessed . Table 5-6. also gives a 
worst-case value of the difference .c-or-relatdon ^coef ficient .suchrthat.it-. 


~ "rs - start 




ficient at the .05 significance level.- 

Table 5-6 shows that the reliability hypothesis can be* accepted 


at the .05 .level for .each subject .for.p.g. >.....41 That .is,, when. .the .con 


-fce-xfe- -i-s—f-ixed,— t 


^dissimi- 


larity judgments are related with a- population reliability correlation 
coefficient Pg of less than or equal to .41. Similarly, the difference 
hypothesis can be accepted at the .05 level for each subject given a pop- 
ulation difference correlation coefficient Pp < ..63... With. -the. exception., 
of 6 subjects (E, K, M, R, S, and V), the worst-case (lowest) population 

reliability correlation coefficient exceeded— the ,wors.t-case .(highest.) 

population difference correlation coefficient. But, for all subjects ex- 
cept M, a difference between the two correlation coefficients was statis- 
tically significant at the .05 level or better. 

Table 5-5 demonstrates that for most subjects the cognitive 


model undergoes a change in dimensionality, but. even. more, convincing. _ 
data that support a change in the cognitive model are found in. Table 
5-6. The generally low values of the difference coefficients show that 
the change in context caused substantial repositioning of the stimuli 
in an individual's cognitive space. That this repositioning is not 
attributable to inconsistency of subject responses or instability of 
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TABLE 5-6.- CORRELATIONS (r) BETWEEN DISSIMILARITY JUDGMENTS AND SIMILARITY 
MEASURES (MSM) BETWEEN COGNITIVE SPACES FOR EACH SUBJECT: 

TV PROGRAM EXPERIMENT* (p < .05) 

[Sample Size = 91] « 


CT\ 


Relationship 













Subject - 











A 

B 

C 

D 

E 

■ 


H 


■ 

K 

L 

M 

N 

0 

P 

Q 

R 

S 

T 

U 

V 

W 









Context 

comp 

ared 

: Same 

- 





s 





r S 

86 

80 

57 

87 

57 

78 

75 

82 

67 

71 

73 

69 

54 

91 

95 

79 

76 

66 

i 

72 

•4 

91 

90 

56 

87 

Ps 

80 

72 

44 

81 

44 

69 

66 

75 

54 

61 

63 

59 

41 

84 

90 

71 

67 

55 

62 

84 

83 

43 

82 

MSMg** 

84 

81 

62 

91 

72 

83 

84 

85 

71 

83 

74 

88 

50 

97 

87 

89 

74 

89 

83 

85 

88 

53 

92 

- 







Context compared: 

Different 





I 





r D 

37 

47 

L9 

17 

34 

05 

40 

34 

25 

21 

49 

16 

45 

34 . 

13 

48 

08 

45 

i 

49 

V 

20 

47 

33 

13 

p d 

51 

61 

35 

33 

48 

22 

54 

48 

41 

' 37 

63 

32 

59 

48 

29 

62 

25 

59 

63 

36 

61 

47 

29 

MSMq** 

43 20 

11 

05 

A-** 

50 05 

30 

23 

19 

kkk kkk 

44 48 14 

27 

*** 

46 09 

33 

03 

1 

ic'k'k 1 irk 

51 43 

"k 

36 

36 

•kick 

41 19 

r D 

u max 

78 

70 

38 

80 

38 

65 

62 

72 

51 

58 

60 

54 

34 

86 

92 

68 

64 

50 

58 

86 

85 

37 

80 


I 


^Decimals omitted, 

**p < .01 

***p < .10 





the cognitive model is supported by the reliability coefficients. The 
worst-case difference coefficient is substantially less than the worst- 
case reliability coefficient and the difference in .correlation coeffi- 
cients is statistically significant-.. . This.. implies that: -.each. -cognitive- 
■ ' spa ce~rep r esen trs- -a-unirqn e ronte xt-cfor-^n- i n i d indL ^ai-rrr-ghese" dat-arspr o—:: 
vide strong support that changes in the - context -of' -stimulus: applica- - 
tion (social environment) can cause the spatial cognitive model for 
an individual to change. . - 

Sub j cet- A- --(-among- - o ther-s-)- was ■ 'a--po ss-ible-^exc epti onadxxrsnme ^o f — 

these statements. Detailed results of the comparison- analysis of -A's 
judgments appear in Table 5-7. The subject was quite consistent for 
fixed contexts. When the context changed, the cognitive space changed 

TABLE 5-7.- CORRELATIONS “BETWEEN" DISSTMILAKTTY"'JUDGMENTS~AND 
COGNITIVE ;S RAC E.- SIMILARITY .MEASURES ufclN ..PARENTHESES ). /BETWEEN. 

COGNITIVE SPACES UNDER FOUR SOCIAL ENVIRONMENTS: 

SUBJECT A. 0£ T.V PROGRAM EXPERIMENT* 

Diagonal terms are values of rg and (MSM s ); 
off-diagonal terms are rp and (MSMp) 



Friend 

Minister 

Child 

Spouse 

Friend 

92 

(84)** 




Minister 

27 

87 




(19) 

(92) 



Child 

17 

37** 

94 



(16) 

(21) 

(85) 


Spouse 

28 

15 

21 

86** 

(43) 

(07) 

(10) 

(96) 


-"'Decimals omitted. 

**V alues shown in table 5—6- 
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substantially except for the apparent relationship between the friend 
and spouse cognitive spaces. The moderate similarity between these two 
cognitive spaces is not surprising and may be a reflection of the fact 
that there is a moderate s imi-bari ty- in the- relationships between adult- 
friends and between spouses . A -similaT r eba tions hip^be twe en - -th'e — f ri end- 
and spouse cognitive spaces for subjects E', K, M, R, S, and V accounted 
for the worst-case (lowest) reliability correlation coefficient being 
less than the worst-case (highest) difference correlation coefficient as. 
noted in Table- -5-6- and discussed above. ... 

5.4.3 Master Cognitive Space 

A masi-pr cognitive space for one individual is an approximation 
to the union of the cognitive spaces formed under different contexts. An 
INDSCAL analysis of subject A's 4 context spaces indicated that 6 lin- 
early independent dimensions could reasonably span the spaces. The 
dimensional weights for the master space of subject A are given in 
Table 5-8. The sum of the squares of the weights measures the goodness 
of fit between the dimensionality-weighted master space and the separate 
cognitive spaces. The manner in which the master space spans each cogni- 
tive space can be examined by identifying the dimensions with the k 
largest weights where k is the dimensionality previously chosen for the 
cognitive space based on an MDSCAL analysis. For the friend context, 
the dimensionality chosen was 3, and according to Table 5-8, the 3 larg- 
est weights are for dimensions 3, 4 and 6. Such weights are circled in 
Table 5-8 and indicate the manner in which the master space spans those 
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TABLE 5-8.- DIMENSION WEIGHTS FOR THE 6-DIMENSIONAL 
MASTER SPACE: SUBJECT A OF THE TV 

PROGRAM EXPERIMENT* 



*Decimals omitted; weights < .10 deleted. 
**Sum of squared weights. 


cognitive- spaces under- the~noted- context . ■The- -mini-st-er --and- child con- - 
text appear to use unique dimensions that no other spaces use, dimen- 
sions 1 and 5. The remaining- dimensions are shared- i-n -various -ways-ove 
the four contexts . 

Master cognitive spaces were developed for each of the 23 sub- 
jects and Table 5-9 presents a summary of pertinent results extracted 
from these analyses. The upper bound on dimensionality is the sum of 
the dimensionalities of the individual spaces, -The master space dimen- 
sionality for any subject is at least half of the upper bound implying 
that about half of the dimensions of the individual cognitive spaces 
are unique. Dimension sharing, however, is more common than dimension 
uniqueness. Only for subject B did the number of unique dimensions 
(4) exceed the number shared (3). Subject M had complete sharing of 
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TABLE 5-9.- SUMMARY OF MASTER COGNITIVE SPACE ANALYSIS FOR EACH SUBJECT: 

TV PROGRAM EXPERIMENT 


Parameter 












•Subject 

_ 





} 





H 

B 

C 

D 

E 

F 

G 

H 

■ 


K 

L 

M 

N 

’ O 

■ P 

Q 

R 


fl 

U 

V 

W 

Dimension 

12 

10 

13 

7 

10 

6 

11 

10 

11 

8 

12 

11 

7 

11 

10 

12 

11 

12 

* 12 

11 

12 

13 

10 

upper bound 














f 










Dimensionality 

6 

7 

8 

4 

5 

4 

6 

5 

7 

5 

6 

5 

4 

5 

5 

6 

5 

6 

' 7 

6 

6 

7 

6 

Worst fit* 

86 

78 

81 

68 

88 

65 

78 

61 

59 

85 

94 

81 

70 

84 

67 

79 

64 

87 

91 

83 

74 

89 

82 

Best fit* 

98 

95 

93 

87 

95 

83 

84 

90 

83 

96 

99 

91 

79 

91 

94 

88 

92 

96 

98 

97 

92 

93 

96 

Average fit* 

92 

88 

86 

76 

86 

86 

82 

78 

73 

91 

96 

87 

76 

88 

83 

84 

83 

91 

94 

90 

86 

91 

91 

Shared 

4 

3 

5 

3 

2 

3 

4 

3 

4 

4 

4 

3 

4 

4 

4 

5 

3 

3 

4 

3 

5 

4 

3 

dimensions 
























Unique 

2 

4 

3 

1 

3 

1 

2 

2 

4 

3 

1 

2 

2 

0 

1 

1 

1 

2 

3 

3 

3 

1 

3 

3 

dimensions 









< 





■ 











^Decimals omitted 






dimensions meaning that the four contexts evoked a set of four independ- 
ent dimensions but they were differentially weighted in each context. 

5.5 Dimension ^Labeling _ 

'Five' of'' the '23 -'sub ject s-'“suppl'ie'd'-'iTiformatfdn'''that'-cou-ld i 'be-used — 
to label their cognitive spaces , A set of 10 property vectors were ob- 
tained for each of the 5 subjects using this information according to 

the- procedures discussed -i-n--Chapter--4. -The-nrectors- represented -the — 

"Sub j e c fc-'-s- * -ra t-i-ngs— of~fche — 1-4— TV— programs-’-a-e-cord-irtg-^to— the— 1-0— afe-t-ribu tees—— 
specified in Table 5-2. Property vectors for- subject A are given in 
Table 5-3. Cognitive space labels were developed for each of the 4 con- 
text spaces for the 5 subjects investigated using the linear regression 
property fitting technique -discussed in Chapter 4. - Table 5-10 presents 
the results of a factor analysis of the interlabel correlation matrix 
for subject A' s cognitive space under-the friend context. The factor • - 
loadings have been weighted by the multiple correlation coefficient be- 
tween the property vector and the cognitive space stimulus coordinates 
and rotated to a varimax condition. 

The maturity , action and goodness attributes have the highest in- 
dividual weighted loadings on the three dimensions that define this space 
and are noted in Table 5-10. Hence, the friend cognitive space can be 
defined for subject A by the labels representing these attributes. 

Dimension labeling for the four individual cognitive spaces and 
the master space for subject A is summarized in Table, 5-11. A check 
mark appears in an attribute-cognitive space cell if labeling analyses 
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TABLE 5-10.- WEIGHTED FACTOR LOADINGS OF INTERLABEL - 
CORRELATION-MATRIX* FOR -FR'IE-ND ^-CONTEXT:- • -SUBJECT- A>-» - 
OF THE TV PROGRAM EXPERIMENT* 


Attribute . 

Factor* ** 

r 2*** 

g 

. 2 . 

3 . 

1 . 

Maturity 

12 

-11 

© 

95 

2. 

Personal 

02 

21 

61 

64 

3. 

Humorous 

-10 

00 

78 

79 

4. 

Suspenseful 

24 

48 

22 

58- 

5. 

Educational 

-19 

38 

-28 

51 

6. 

Action 

® 

-09 

-13 

89 

7. 

Produced 

19 

30 

14 

38 

8. 

Goodness 

10 

© 

16 

89 

9. 

Controversial 

24 

-08 

47 

73 

10. 

Preference 

-13 

57 

19 

70 


*Decimals omitted. 

**Loadings rescaled to rms value of r^. 

***Multiple correlation coefficient from linear 
regression (fa =< Q^ = .78). 
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TABLE 5-11.- SUMMARY OF LABELING ANALYSIS FOR FOUR COGNITIVE 
SPACES: SUBJECT A OF THE TV PROGRAM EXPERIMENT 


Attribute 


Cogni 

tive space 

- 



Master 

Friend 

Minister 

Child 

Spouse 

Personal 

/ 


/ 



Educational 

/ 


/ 

✓ 


Action 

/ 

/ 

/ 


/ 

Goodness 

/ 

/ 



t/ 

Con trovers ral~ - 


• 


/ 


Maturity 


/ 

/ 



Humorous 




/ 


Unidentified 

✓ 


indicated that the particular attribute was used in making dissimilarity 
judgments in that context. Of the 10 attributes mentioned by the sub- 
jects, 7 were sufficient to identify dimensions in the four spaces for 
subject A. The suspenseful , well-produced , and preference attributes 
did not figure in any of subject A's spaces. The strong similarity be- 
tween the pattern of checks in Table 5-11 and the pattern of relative 
sizes of the master space dimension weights in Table 5-8 confirms the 
ability of the master space to span the 4 cognitive spaces since the 
master space uses a majority of the same labels used in the 4 spaces. 
Table 5-11, for example, indicates that only the minister context evoked 
the personal attribute and Table 5-8 indicates that only dimension 1 
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has a substantial weight under the minister context and no other con- 
texts. This suggests that dimension 1 of the master space is linked 
to the personal attribute. In like manner, the master space dimension 
labels can be compared with the individual space labels in Table 5-11. 

The labeTing' analysis, however did not identify' the-sixth' di- ' 
mension of the’ master ' space, yet Table 5-11 suggests its identity. The 
attributes of maturity and humorous , applied to 3 of the 4 individual 
spaces , were not represented among the 5 attributes identified for the 
master space.- Because of-their- apparent subjective similarity, it is 
conjectured that these two missing attributes are somehow blended 
(their intercorrelation of .69 noted in Table 5—4 supports this possi- 
bility) into the unidentified sixth master space attribute; perhaps 
adult humor . Finally, -in order for the master space to represent the 
first three contexts adequately (and the goodness-of-fit values in 
Table 5-8 indicate that it does), the unidentified attribute must be 
a combination of humorous and maturity , or else the dimensionality of 
the master space must be increased to include these attributes. 

The ability of selected labels to span the cognitive space they 
described was determined by computing the cognitive space similarity 
measure (MSM-) between the cognitive space and the cognitive space repre 
sented by the component scores obtained from the factor analysis of 
label intercorrelations. Table 5-12 indicates the MSM's for the four 
context spaces and the master space for each of the 5 subjects investi- 
gated in the labeling study. The generally high values indicate that 
the selected labels provide a good description of the respective space. 
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TABLE 5-12..-- SIMILARITY. -MEASURES BETWEEN COGNITIVE SPACE 
AND COMPONENT SCORES FOR FOUR CONTEXT SPACES AND MASTER 

SPACE: . 5 S UB JECTS. OF ...T HE TV PROGRAM .EXPERIMENT* 


Space 

Subject - 

B 

G 

K 

M 

U 

Friend 

79 

. .'67 

n 84 

: ' 5 2 

.83 

Minister 

84 

73 

91 

74 

89 

Child 

81 

76 

79 

66 

80 

Spouse 

86 

74 

87 

71 

79 

Master 

76 

71 

74 

64 

75 


*Decimals omitted. 
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5.6 Conclusions 


The change in context produced different spatial cognitive 
models for all 23 subjects. Some of the differences were structural in 
that the number and identity of dimensions of the models changed. 

Others were shifts in dimensional emphasis (weighting) -and modi-f ication- 
of the stimulus configuration. These changes support the major hypothe- 
sis of this research that changes in the context of judging stimulus ob- 
jects can cause changes in a spatial representation of their perception 

(i.e.j spatial •cognitive'TnodeT)' f or- a given -individual 

The preference attribute did not feature in any of the labels 
used in the cognitive spaces of the 5 subjects studied in detail. That 

l 

is, preference did not explain any of the cognitive space dimensions so 
these subjects judged dissimilarity ~of the' TV programs without reference 
to preferences. Only one set of preferences was obtained from each of 
the 5 subjects who rated the programs for labeling purposes. The con- 
text, however, was not specified when preferences were solicited. Had 
a set of preferences been obtained for each context, the conjecture that 
context affects perception and ultimately preference, might have been 
tes ted . 
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CHAPTER 6 


~ ; ■THE''EEFE‘CTS _ '0F-CHMGES*'TH''TASIC _ PURP0SE'nJP01>r'A" — ~ ” 

SPATIAL COGNITIVE MODEL OF AERIAL PHOTOGRAPHS 

6 , 1 Summary 

One subject, --skilled in -the- visual- and--ma-t-hematical— interpret a— 

ti~on~o£— s ' a tr e - l - l -i-t e -~ ph crt o ~ da*ta^ — j ud ge-d— the—ddrs siimrlaTirty-- of - c-ompu-ter—proc — 

essed black and white aerial photos of a yacht basin. The 14 photos 
presented an identical view but appeared to be different because of dif- 
ferent amounts of noise and blur introduced in their generation from 
the original photov ’The— context -was" manipuLated- in' the' experiment -by 
changing the stated purpose for which the photos would be used. 

The subject was _ asked~f rrst to judge- -the- dxs simi-l-ari-ty- of-the- 

photos for the purpose of identifying unspecified objects generally 
( unspecified objects context). This task would essentially be akin to 
using them for general photo interpretation. Next the task was changed 
to judging dissimilarity of the photos for the purpose of surveying boat 
classes; i.e.,-wlth objects specified- ( specif ied- objects -context).- The 
first context produced a 3— dimensional space while the second- a 2— 
dimensional space. The judgments were replicated with the same subject 
about one week later and the entire experiment with replication was re- 
peated one year after the original study with virtually identical 


resul ts . 



It was found that context change, in this case, change in the 
stated purpose for which the objects would be used, produced a differ- 
ence in spatial cognitive models for the subject. The differences were 
both structural and spatial; i.e., the spaces differed in dimension- 
ality, dimension’ labels and' stimulus configuration. A 3-dimehsional mas- 
ter cognitive space was developed, to span the two spaces for the sub- 
ject. Each space was represented in the master space by a unique set of 
weightings for - 'the three dimensions, with - a near zero weight for the di- 
mension unnecessary- for' discriminating— among- -the— aerial" photos* for- the -* 
objects specified context. 


6.2 Experiment Background 

This chapter addresses the task’ definition- characteristic of con- 
text. It presents the results of an experiment to study the effects of 
changing the stated purpose for- which- the stimuli would be used on spa- 
tial cognitive models. Since the experiment setting deals with the ef- 
fects of context on image perception, this topic is discussed and some 
application of experimental results are given, especially in the area of 
visual displays. 

Zatoni (1978) has indicated that making the picture of a large- 
screen TV display acceptable to the average viewer is a difficult problem. 
Since the eye and the brain form a complicated system for interpreting 
images, simple measures like brightness and contrast can't always deter- 
mine if the picture is good. Huang, Tretiak and Schreiber (1971), 

Marmolin and Nyberg (1975), and Hunt and Sera (1978) have suggested 
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that there are different image properties of importance to image qual- 
ity, and their imp or tance - may~depend"on ■ the -observer J, s'~ experience,- the 
type of task to be performed with the images, the nature of the informa- 
tion sought - from'- the “image and "so on-; - Consequently^- - image--qual : ity is--' 
likely to be” a func tlon^of" a' number ’ of -di’f f eTent- : -perceptuai--d : imensrohsr-- 
It is the thesis -behind. the .present research- that r perception. de- 


pends upon context.. If so, it.would.be reasonable_.to„expect to_find . 
that the 1 relationship— b-e-tween -sub j ec ti-ve -pic tu-re -qual-i-ty -and- ph-ys-ica-1-- 



As Hunt and Sera suggest, human beings may adapt to circumstances in a 
way that depends on the perceived context. A given level of image qual- 
ity can be acceptable to an individual if associated with a human por- 
trait, but unacceptable if the same quali-ty is associated- with an aerial 
military reconnaissance photo. The same physiological vision processes 

are involved In “both “case-s-,- but “the -context— is~ radi-calrly- di-f-f eren-t— be 

cause of different viewing purposes. Specifically, one should expect to 
find that a model used to predict image quality and based upon subjec- 
tive data gathered under one context will not perform satisfactorily 
.when the context changes sufficiently. Hunt and Sera recognized this 
problem by limiting their study to nonperformance environments (i-. e-.-, 
situations) characterized as viewing images for recreational, enter- 
tainment, or aesthetic purposes. Context effects are likely to be 
more pronounced in performance or task-oriented situations where the 
image is a tool employed in achieving a particular goal. The study 
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reported here supports this possibility, although image quality was not 
directly assessed. 


6.3 Method 

6.3.1 Stimuli 

The stimuli were 14 digitally processed images of an aerial pho- 
tograph of a yacht basin. Black and white Polaroid photographs were 
taken of CRT representations- of the images. The pictures were identica! 
except' that different- amounts- of— noise— (-gi-vi-ng-an-appearance-'of-grai-n- - ■ 
iness) and blur (giving the appearance of different numbers of gray 
levels) were introduced by computer in production of the pictures from 
the original photograph. The "best" and the "worst" pictures are 
illustrated in the top and bottom portions of Figure 6-1, respectively. 
The stimuli were those used in previous studies by Hunt and his associ- 
ates and their production- is- described in- detail in Hunt and Sera (1978 
The loan of the stimuli by Dr. B. R. Hunt of the University of Arizona 
Digital Image Analysis Laboratory is gratefully acknowledged. 

6.3.2 Subject 

One subject, skilled in the visual interpretation and mathe- 
matical analysis of satellite photo data, participated in the experi- 
ment. The subject routinely processes and uses digital images in her 
employment . 
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"Worst" 


Figure 6-1.- Examples of two "extreme" photos from the aerial photo 

experiment . 




"Best" 
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6.3.3 Procedures 


The subject judged the relative dissimilarity of the 91 pairs of 
the 14 photographs in accordance with the general procedures outlined in 
Chapter 4. Pair judgments were performed by randomly arranging the 14 
stimulus photos enclosed in individual opaque envelopes on a table in 
front of the subject. The procedure then required the subject to obtain 
the next pair of photo index numbers from a questionnaire, remove the 
two appropriate photos from their envelopes, judge the dissimilarity of 
the pair according to the stated context, record her judgment on the re- 
sponse sheet, and finally return the photos to their respective envel- 
opes. The 91 judgments took about an hour. 

Two context conditions were used. The first required the sub- 
ject to consider the pictures for the purpose of discerning unspecified 
objects; i.e., for the general photo interpretation task of determining 
what is in the photograph. Under the second context, the judgments were 
repeated considering the pictures for surveying boat classes or sizes. 
For this context, the objects were specified. Judgments under each con- 
text were replicated and all sets of judgments used different random se- 
quences of the 91 pairs of photos, but otherwise the procedures and 
stimuli were the same. 

The experiment was administered twice, first in 1976 and again 
approximately a year later in 1977, with the same subject and stimuli 
and with virtually identical results. Except where noted, the results 
from the later version of the experiment are reported. 
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Candidate attributes were needed to identify the dimensions of 
the spatial model so the subject was asked to specify as best she could 
the attributes used in making the dissimilarity judgments. Six were ob- 
tained and the subject rated each photo on each of these. Table 6-1 con- 
tains the definition of these 6 attributes as supplied by the subject. 

Two known physical properties of the photos were available, blur and 
noise, and they served as additional attributes. Thus there were 8 at- 
tributes used to describe the photos. The 8 corresponding property 
vectors are given -in Table - 6-2 -and the rank order- correlations- -between 
these vectors are given in Table 6-3. No property vectors were obtained 
for the 1976 experiment since it essentially served as a pilot study. 

TABLE 6-1.- DEFINITION OF SUBJECTIVE STIMULUS ATTRIBUTES: 

AERIAL PHOTO EXPERIMENT 


Attribute 

Definition 

Sharpness 

A lack of sharpness has a tendency to 
diffuse the outlines of objects and 
makes them appear ragged 

Clarity 

The degree to which certain features of 
an object can be discerned sufficiently 
to establish its identity 

Contrast 

Difference or number of steps between 

gray levels (tones) of contiguous objects 

Granularity 

The average size of the unit cell (grain) 
of which an image is composed 

Density 

The overall average gray level (tone) of 
the image 

Chroma 

The apparent number of different gray 
levels (tones) used in the image 
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Attribute 


1. Blur, pixels 

2. Noise, dB 

3. Sharpness; rain (1) 

max (14) 

4. Clarity; min (1), 

max (14) 

5. Contrast; low (1), 

high (14) 

6. Granularity; 

coarse (1), 
fine (14) 

7. Density; light (1) 

dark (14) 

8. Chroma; few (1), 

many (14) 


1.6 5.0 5.0 0 1.6 1.6 1.0 0 4.0 0 5.0 2.5 1.6 


CO 

15 

9 

00 

9 

CO 

15 

9 

00 

CO 

6 

14 

10 

7 

12 

9 

4 

13 

1 

6 

11 

8 

14 

11 

5 

13 

10 

4 

12 

'3 

7 

9 

8 

14 

9 

7 

11 

12 

4 

13 

3 

6 

8 

10 

13 

11 

4 

12 

2 

8 

14 

6 

9 

10 

1 

2 

8 

11 

6 

5 

10 

4 

12 

9 

7 

3 

13 

10 

9 

12 

7 

6 

14 

4 

8 

11 

5 





TABLE 6-3.- RANK ORDER CORRELATIONS OF PROPERTY 
VECTORS USED IN AERIAL PHOTO EXPERIMENT* 



05 

05 

O 

>> 

4J 

CO 

u 

*1-1 

u 

0 3 



c 

4J 

cd 


4 J 

<D 

a. 

-A 

u 

3 

• rl 

CO 

u 

U 

AJ 

c 

05 

•rl * 

a 

C3 

a 

cd 

c 

o 

JC 

i—f 

o 

U 

<D 

S5 

05 

O 

o 

<3 

(=5 


Noise 

-31 






Sharpness 

■ -24 

-13 





Clarity 

-20 

23 

06 




Contrast 

-30 

48 

40 

33 



Granularity 

■36 

-24 

-32- 

-25 

05 - 

Density 

00 

41 

-27 

64 

26 

-40 

Chroma 

00 

08 

23 

13 

02 

25 


*Decimals omitted. 


6.4 Analysis 

6.4.1 Construction, of Cognitive Spaces 

Cognitive spatial models were developed for the subject under 
the two contexts using the techniques discussed in Chapter 4. The 
stress values as a function of extracted dimensions for the models for 
the two context conditions are given in Figure 6-2, From this figure it 
was concluded that the appropriate number of dimensions to -associate 
with the unspecified objects context was 3 and with the specified 
objects context, 2. The significance levels associated with the 3- and 
2-dimensional cognitive spaces are about .08 and .01 for the 1977 experi- 
ment and .12 and ,05 for the 1976 experiment, respectively. Although a 
minimum significance level of .05 had been arbitrarily established for 
selecting model dimensionalities, the 3-dimensional unspecified objects 
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5% acceptance level 
Appendi>rA7 Table A-l 


t I ! — L 1 i 

0 1 2 3 4 5 

Number of dimensions extracted 


Figure 6-2.- Final stress vs. number of dimensions extracted for aeria. 

photo experiment. 


96 


context was 3 and with the specified objects context, 2. The signifi- 


cance levels associated with the 3- and 2-dimensional cognitive spaces 
are about .08 and .01 for the 1977 experiment and .12 and .05 for the 
1976 experiment;; -respectivelyr ' “Although “a— minimum -s ignificance- level -o f - 
.05 had been' arbitrarily' established 'for- ’selecting- model- -dimension-” — 

alities, the 3-dimensional, unspecified.. objects context models wa.s rer 

tained in this case because (l).the 3-dimensional .model_consls.tently and 
adequately -described-- the sub ject ‘-s - responses --in -the- two experiments- a — - 
year- apart 7 “(- 2 -)~ch o as in g— o nly— 2~dimerts io ns— would— h ave— be en—ve-r-y—eo n s e-r-v-a — ■ 
tive (significance level « .01), and (3) there was a substantial reduc- 
tion in stress in going from a 2- to a 3-dimensional model. 

6.4.2 Comparison of Judgment Data 

Chapter 4 described procedures for comparing sets of dissimilar- 
ity judgments- using— the- -Pearsoir product-moment-correlat-ion —coefficient- - - - 
(r) and for comparing cognitive spaces derived from the judgments using 
the matrix similarity measure (MSM) . Table 6-4 presents worst-case sum- 
mary statistics for comparison of judgments for the subject. Listed are 
r s and the MSMg (reliability coefficients) for assessing reliability of 
judgment and stability, of cognitive - spaces respectively, and r^ and the 
MSMq (difference coefficients) for assessing the effects of context 
change on judgments and cognitive spaces. The highest value of the dif- 
ference correlation coefficient rn such that it is statistically dif- 

u max 

ferent from rg at a .05 significance level is also given. Table 6-4 
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TABLE 6-4-. - -CORRELATIONS- ' (=r) -’BETWEEN DISSIMILARITY’-' • ’ • 
JUDGMENTS AND SIMILARITY MEASURES (MSM) 

BETWEEN COGNITIVE SPACES FOR THE AERIAL 
PHOTO EXPERIMENT (p < .05) 

[Sample size = 9.l|. - 


Contexts 

compared 

Parameter 

Value 3 

Same 

r S 

75 b 


Ps 

66 


MSMg 

84 c 

Different 

r D 

34 


Pd 

48 


msm d 

38 d 


r °max 

62 


a Decimals omitted. 
b Lower of two values. 


< 

< 


.001 

.100 


98 











shows that the reliability hypothesis can be accepted at the .05 level 
for pg > .66. Similarly, the difference hypothesis can be accepted at 
the .05 level for a population difference correlation coefficient 
PD < .48. 

-- - As an add i tronai^che ckr-on-'s ubj e'ct - cons is tency'y'~r 4 s " we r e - ’compu ted' 
between dissimilarity judgments made under the same context, but- in dif- 
ferent years (19.76, 1977.)... .The. lowest. r_ of. 8_ values, including...replica- 
tion judgments,- was .53, with an average of- .68. 

- -The -di f fe-rence~ c-creff-i’crents~slrow’^;ha't'- , the^ch-ange : ''i.n"oon-texfc — — 

caused substantial repositioning of the stimuli in the subject's cogni- 
tive space., That this repositioning is not attributable to inconsis- 
tency of subject responses or instability of the cognitive model is 
supported by the reliability coefficients. The worst-case reliability 
coefficient is substantially greater than the respective worst-case dif- 
ference coefficient, and- the difference' between them' is 'StatisticaT'ly — * 
significant. This supports the conclusion that each context evokes a 
unique cognitive space for the individual; the same one is evoked for 
the same context. When the context changes, another appropriate cogni- 
tive space is evoked. In light of the reliability analyses, the dif- 
ference analyses -provide s trong - evidence- that changes in the judgment 
context (task purpose) can cause changes in perception which cause the 
spatial cognitive model for an individual to change. 
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6.4.3 Master Cognitive Space 


An INDSCAL analysis of the subject's 2 context spaces indicated 
that a 4-dimensional master space could reasonably span the spaces. The 
dimensional weights for the subject are given in Table 6-5. The weights 
indicate that the two contexts share dimension ' 1'. Dimensions T and 3 
belong only to the unspecified objects context, while dimension 4 be- 
longs only to the specified objects context. Changing the stated pur- 
pose of the task from discerning unspecified objects to specified ob- 
jects appears to cause' the- sub ject to- increase the-relevance-of--one~at-- 
tribute slightly, to drop the other two attributes and adopt another 
more important one. 

TABLE 6-5.- DIMENSION WEIGHTS FOR THE 4-DIMENSIONAL 
MASTER SPACE USED IN THE AERIAL PHOTO EXPERIMENT* 


j 

-Dimension 

Cognitive 

space - 


Unspecified 

objects 

Specified 

objects 

1 

44 

59 

2 

62 


3 

47 


4 


66 

Fit** 

84 

82 

*Decimals omitted; weights < 
**Sum of squared weights. 

.10 deleted. 
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6.5 Dimension Labeling 


A set of 8 property vectors. 'was obtained - from the "subject - 
using information supplied according to the procedures discussed 
in Chapter 4. Six of the vectors -represented "the^sub j-ect !- s • ratings -of' ~ 
the 14 photos accorcfing--to~attf ibutes specified" ih f Tab’le~6-l ; ’’the ‘iTe- '*• ' 
maining two vectors represented_known physical ..prop.er.ties .of -the, photos. 
Cognitive space labels were -developed. ion.. the_subjectJ.s 2_context _spaces 
using the -mono tonic -linear regression -property-fitting ■ technique- di-s- 

cu's's'e'd~in—Chap'ter— 4“ — Tahier-6“fr- repre-seTrts~the— fac-tcrr — toad rngs-we irgh-fce d— 

by the multiple correlation coefficients for the subject's cognitive 


TABLE 6-6.- WEIGHTED FACTOR LOADINGS OF INTER- 
LABEL CORRELATION MATRIX FOR UNSPECIFIED OBJECT 
CONTEXT: AERIAL PHOTO EXPERIMENT 


Attribute — 

— 

Factor** 

---- 

r 2*** 


2 

3 

Blur 

78 

18 

-04 

80 

Noise 

-17 

-67 

13 

70 

Sharpness 

36 

27 

-75 

87 

Clarity 

35 

-49 

14 

62 

Contrast 

37 

73 

13 

83 

Granularity 

-18 

-35 

23 

46 

Density 

25 

17 

-61 

68 

Chroma 

-24 

41 

26 

54 


"‘Decimals omitted. 

**Loadings rescaled to rms value of r^. 
***Multiple correlation coefficient from 
monotonic linear regression (rQ=g _ ^ = .78). 
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space under the unspecified objects context. The blur , sharpness , and 
contrast attributes have the highest individual weighted loadings on the 
three dimensions that define this space and are noted in Table 6-6. 
Hence, the unspecified objects cognitive space can be defined for the 
subject by the labels representing these attributes. 

Dimension labeling for the two - individual cognitive spaces and 
the master space is summarized in Table 6-7. A check mark appears in an 
attribute— cogniti-ve space cell" if labeling analyses- indicated that the 
particular attribute' was- used- in making- dis-simii-ari'ty^judgments- in- ‘that 
context. The physical attribute noise which was used in the generation 
of the photos was apparently incorporated in the subjective dimensions. 
The strong similarity between the pattern of relative sizes of the mas- 
ter space dimension weights in Table 6-5 and the pattern of checks under 


TABLE 6-7.- SUMMARY OF LABELING ANALYSIS FOR AERIAL 
PHOTO EXPERIMENT 


Attribute 

Cognitive space - 

Master 

Unspecified 

objects 

Specified 

objects 

Blur 


V 

V 

Noise 




Sharpness 

V 

V 


Clarity 




Contrast 

V 

V 


Granularity 

V 


V 
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the two cognitive spaces in Table 6-7 confirms the ability of the master 
space to span the two 'spaces'. Table 6-7, for- example,- indicates- that 
only the specified objects context evoked the granularity attribute and 
Table 6-5 indicates that dimension -4 aione has - ~ar substantial-- weight- 
under this r context and no other context-. This suggests -that- dimension' - -- 
4 of the master space is— 1 inked.. to, the. gr.anuLar.ity_ .at tribute,... T In. .like _ . 
manner, the master, space, dimension. abels, can.j3e. aompar.edL.with. .the._indir^_ 
vidual space- labels- in -Tab-le -6-7-. - -• •- - 

— * — — Tfre~ab-iirrty~o-f — the — se-leu-tre d — 1-atreis — to-s-pan— t-he~a©gnirti-ve~sp a-e-e-* — ■ 

they described was determined by computing the matrix similarity measure 
(MSM) between the cognitive space and the cognitive space represented by 
the component scores obtained from the factor analysis of label inter- 
correlations. --Tabie 6-8' -indicates- the MSM's for the two cognitive - 
spaces and the master space for the subject. The high values indicate 
that the selected 'labels' provide -a—good description -of- -the- respec-t-i-ve - 
space . 

TABLE 6-8.- SIMILARITY MEASURES (MSM) BETWEEN 
COGNITIVE SPACE AND COMPONENT SCORES FOR 
TWO COGNITIVE SPACES AND MASTER SPACE: 

AERIAL PHOTO EXPERIMENT* 
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6.6 Conclusions 


The change in context produced different spatial cognitive ■ 
models for the subject. Some of the differences were structural in that 
the number and identity of dimensions of the models changed. Others 
were shifts in dimensional emphasis (weighting) and modification of the 
stimulus configuration. These changes support the major hypothesis of 
this research that changes in the context of judging stimulus objects 
can cause changes'-in -a-spatial representation of their- perception (i.e., 
a spatial cognitive model) for a' given -indivrdualv ..... 

The subject displayed remarkable consistency; the judgments over 
a year apart correlated fairly well. This was due, probably, to the 
subject's high proficiency. She possessed' an operational skill in proce- 
dures that were very similar to those performed in the experiment and an 
appreciation of the difference and importance of the differences in the 
purposes for which photographs 'may 'be used. Considering the subject’s 
skill in image discrimination and the inherent complexity of the photos, 
it is somewhat surprising that higher dimensional cognitive spaces did 
not result in this study. 

Since the photos differed only on two objective attributes, 
blur and noise , it might be argued that the cognitive spaces ought 
to be 2-dimensional and based on blur and noise . But noise did not 
feature in either of the spaces because the mathematically measurable 
physical attributes might be quite different from the resulting subjec- 
tive attributes of images. The noise objective attribute may be only a 
part of the noise subjective attribute, perhaps even a minor part. 
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Noise may have been overshadowed by blur since the subject reported that 
blur tended to obliterate distinguishing— character is tic s— of-photos, more 

so than noise . The importance of blur to -the subject is suggested _by. 

its appearance ~in— both— cognitive— spa cesv"“Finai'l-yy“' when— image— qua'bbty 
w'as an issue,- Hunt -and"'-S era- (19-7-8) stated that" -Tow* corr elatibn'between 
noise and quali-t-y~-should be -expected -:due to the profound capability,— of _ 
man to "filter out'-b noise-. — -Thi-s-_also,_sugges.ts_-.that_noise_-is_.no.t- a_sig=. _ - 
nif icant discr imbnato r — o f—pho to s— and- -should— not- -f-e a tu-re- i-n- cognitive-" — — 
models of photos. 

The use of the sharpness and contrast attributes in the 
unspecified objects cognitive space seems reasonable because the task 
purpose in this context was to identify objects in general. Object iden- 
tification requires - edge -detection -and- local- region analysis -which, ac 

cording to the definitions of Table 6—1, should be compromised without 
sharpness and contrasts — 1 These- -attributes— have— al-so-been-report-ed-in - - 
other studies on image perceptions (Marmolin and Nyberg 1975). 

When the purpose of the photos was changed to that of identi- 
fying boat sizes ( specified objects context), the subject appeared to 
retain blur , dropped two other attributes, and adopted a granularity 
attribute with major emphasis. — She acted as if these two attributes 
were quite relevant in detecting the presence of a boat (distinguishing 
a boat from its background) and finally determining its size. This 
suggests that an excess amount of either blur or granularity can cause 
an object to blend into the background. 
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For all replications of the study, the subject consistently 
yielded higher dimensional spatial models when the image application was 

w 

to look for unspecified objects than when it was to look for specific 
objects. From this fact, 'it might appear 1 that for unspecified- objects 
the subject uses all attributes that might be of any value in detecting 
objects. Then, when, a specific object is stated, the subject selects 
only those attributes from the -previous- set- which are. .relevant, to. .the. __ 
new context . - - The- -second- space*- should then- be a- subset- of- the f-irst-.- But 
this was not found to be the case- as was - determined- by- the master - space 
dimension weights and the labeling analyses. Whether the consistent dif- 
ference in dimensionality is peculiar to this experimental task or to 
the subject cannot be determined from the data. 
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CHAPTER 7 


THE-“EPFECTS'''OE^etffiRGE ; S t 'li'f“S^IlCiffiUE M A;PP&ieA.TT0N-:UPON-^'-SPAT--I*AL'^“-— 

COGNITIVE MODEL OE SIMULATED FLOOD HISTORY PROFILES 

7 . 1 Summary 

... _ -F i-f t e e n -s ub-j ec-t s— j u d g e d~th e~dis s.imi.lar-Lt^^af_-Hhxgh_j«a± ar_Le v.al — 

"hdrs-to ries— •wr“Hou j s'tx5n-‘N3ny-'0nS'?-^"’‘--'The-~14"^hi-S'6-0ri - &sh“W e-re-“p-res e-n-fc e d-— us- — f-Lv-e- 
points on a line with a reference mark,- but- T^ith: no -indication -of the 
sequence in which they were supposed to have occurred. The points were 
actually samples from a normal distribution. The context was varied 
by connoting a change- in* -the- use -or- application of-- the samples.- - In- - 
the first part of the experiment the subjects were asked to judge the 
dissimilarities of the histories ( history context).- -I-n the second- 
part, they were asked to judge the dissimilarities of the meteorological 
processes that supposedly caused the histories ( process context). 

The results for 12 of the subjects were that the history context 
produced cognitive spaces of 3 or more dimensions and were based on vis- 
ual pattern attributes of the- stimuli. The sub jects-appeared ,to_~perf oxm 
this task as a pattern comparison activity. The process context pro- 
duced spaces with less than 3 dimensions and were based on sample esti- 
mates of the parameters of the underlying random processes. The data 
for 2 of the 15 subjects were not consistent with spatial cognitive 
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models at all and for a third subject the spaces were not stable over 
replication. 

The effect of context change was to produce different spatial 
cognitive models for* each- sub ject . The ■ differences were both - structural - 
and spatial 'and were demonstrated- by ‘changes i.'n-dxmension-wefghta'-of- a — 
master space for each subject that spanned his’ two context spaces. But 
the cognitive spaces were sufficiently similar across individuals that 
a common cognitive— space- -was -developed -for -each context, .-.spanning, all — . . 
subjects j * - - - 

Generated data suggested that subjects familiar with stochastic 
phenomena would have lower dimensional cognitive spaces than others 
without this background, and that for them the difference in dimension- 
ality across- context change would be reduced. The data, however, were 
not statistically significant. 

7 . 2 Experiment Background 

This experiment is similar to the one reported in Chapter 6. 

Both address the task definition facet of context, or more specifically, 
stimulus use or application. The difference in the two experiments, how- 
ever, lies in the manner in which the statement of stimulus application 
was made. Whereas the experiment in Chapter 6 explicitly specified the 
purpose for which the stimuli should be used, this experiment only 
connoted a stimulus use. It did not suggest how the subjects were to 
apply the stimuli to the judgment task. Consequently the subjects were 
free to select any application they perceived to be relevant. 
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The study was performed at a time when the rainfall had been par- 
ticularly heavy in-the Houston area-. - In fact, since- many bayous are 
used for runoff in most of Houston, there had been recent serious water 
- “damage - c au _ s ed—by— bay ou — o v e r-f l-ows-p™ — These*~poin , fes < “indi© , a*fee a “fihe— -re£ ev anGfl-~v^- 
. „ --of~trre"elip'e^hmenh"to~thn’“^ub3eTr-t'S"h ;: -re carrt-percepIri-OTrs-^nd— thi'nk-in^;',r'*-f“T-h-e-r"-r- 
judgment was seen less as a_ laboratory artifact and more as research on 
a current problem. Because the results of this experiment have implica- _ 

— feions — f . o r— -hum aa-a-sses -sm en t—o-f — u nce-r-t ain-t y .,. —this — se.c±iQn.^pxo.vid.es — a_bri.ef 

background- of~that 'area--.-- - - - -- - 

People often* make - decisdons”‘concerning* the- outcome -of- uncertain-- - 
events on the basis of fallible or incomplete data, a state of mind, or 
the perception of a particular situation (i.e., context) without the con- 
scious use -of- we-l-l-defined—reasoning-.- - In some cases.,, they. rely.~on — >- „ 

heuristics by which they reduce the complex tasks of assessing likeli- 
hoods and predicting— values to- simpler judgmental operations. Tversky 
and Kahneman (1974) have noted that, in general, these heuristics are 
quite useful, but sometimes they lead to severe and systematic errors. 

They further note that it is possible to -learn to recognize the contexts 
in which judgments are likely to be biased, and to make appropriate al- 
lowances -for the biases (Tversky .and. Kahaneman.. 19.73.) One_„su.ch._,circum- _ 

stance is that in which the person making decisions does not interpret 
the phenomena as stochastic, but instead uses a deterministic internal 
model (Alberoni 1962). Gaines (1976) demonstrated that people commonly 
generate elaborately complex internal deterministic explanations or 
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models of a stochastic phenomenon if determinism is postulated and often 
these models produce erroneous results. 

Based on these authors' findings, a change in context which 
would make it more appropriate— to- view-ra— stochastic— phenomenon— as- -s-to- ■-*- 
chastic rather than deterministic/ -would~be- -expected— to- -cau'se— a— change- - 
in the spatial cognitive model of that phenomenon. The model should 
change from a more complex deterministic-based representation toward a 
simpler stochastic-based • representation.- -The ^experiment described in . 
this chapter -was-'de-signed— to -see- if- such -a- context -change would -eff ec-t- - 
a change from a cognitive space related to patterns of the stimuli 
(deterministic-based), to one related to statistical descriptors of the 
stimuli (stochastic-based). The descriptors would be expected to be es- 
timates of the characteristics of the stochastic phenomenon. 


7.3.1 Stimuli 


7.3 Method 


The stimuli were 14 random samples, computer generated from nor- 
mal distributions with known means and variances. The samples were 
posed as water level histories of Houston bayous. The stimuli are 
illustrated in Figure 7-1. 


7.3.2 Subjects 

The study began with 15 subjects who were employees of a large 
government facility. Their professions ranged from secretary to senior 
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engineer and their ages ranged from about 25 to 45 years. Five of the 
subjects were female. 

7.3.3 Procedures . ... 

The 15 subjects rated* the- ‘sub j'ective- diTsisimiiari-ti-es of-the* 91' 
pairs of the 14 samples in accordance with the- general procedures de- 
tailed in Chapter 4. The subjects were told that the stimuli were the 
last five yearly high water- levels at gaging stations-.along various . 
bayous in Houston;" -The-sub jec-ts * were’ advi-sed t-hat-the-data- were- not- • 
given in chronological order, but only ranked from low to high levels, 
and in addition that the "0" on each line was an arbitrary but fixed ref- 
erence mark. The dissimilarity judgments were considered under two dif- 
ferent contexts-. For the -first context ( history -context) , the subjects 
were requested to judge the dissimilarity of the his tories of the water 
levels. Approximately a week after the first set of judgments, the sub- 
jects received essentially the same instructions for the second context 
( process context) as they did for the history context. The subjects 
were requested to judge the dissimilarity of the processes that produced 
the water levels. All judgments for each context were replicated a few 
days later using different random orderings of the stimulus pairs, but 
they were otherwise the same. Each subject completed each set of judg- 
ments for both contexts in less than 30 minutes. Three subjects 
failed to give reliable dissimilarities and were dropped from further 
consideration and analyses, leaving 12 to complete all experimental 
requirements . 
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Six different subjects were interviewed after each context pres- 
entation (excluding- the replications) to - determine-- the' -stimulus, charac— 
teristics they perceived or considered in making their judgments- .-The 
7 most commorrly- riertrroned— atbrrbu-te-s--ran-''be'--expres-sed' j -aa-:'-‘'-sample'-me-an-;-~ 
— 's'amp te^sTati’d’a r d^dev-rh ttoh-j'-f "egU-l-ar rty'^o 1 f^it^rp’orii t * s pan imrg'^nnrnbHr-trf^- 
point clusters; local-symmetry. (the degree. .o_f -internal., symmetry. of..the. 
sample ignoring, .the .reference .mark). global symmetry (the degree of . 

overall — s-ytnme t-ry — o f--.the.-aamp-le^-w-i-th— re-spac-t — to— th e — r e £ e re n ce_ m a r Vr ) ; — and_ 

degree— off — sh-ift— (-wi-t-h— r-e-s-pe-e-t---feo — the— r-e-f eren.ee— m a - r - k - ) -.- — 

Following an explanation -of —the attributes the -final -phase of 
the experiment required the subjects to rate the stimuli on the 5 subjec 
tive attributes (the last 5 above). A rating was to indicate the degree 
-to which -a- water-level — sa-mp-te— pos ses-s ed— the-at-tribu-te-.-— -A— set -o-f— 7~~pr-op- 
erty vectors was formed for each of the 12 subjects from these ratings; 
the 2 property- vectors— of -sample- mean- and- samp-l-e^-s-tandar-d— deviation— were 
common to all subjects. The description of the analysis and the discus- 
sion which follow refer, for convenience, to one subject chosen at ran- 
dom from the 12 who completed all phases of the experiment because his 
data are typical. He is referred to as subject H. (Results for the 
other 11 subjects- for whom -property- vec tors . were.„also-..derive.d,_.w.ill.. b.e 
referred to where appropriate.) Subject H's property vectors -for .the -14 
water level samples are given in Table 7—1; intercorrelations are given 
in Table 7-2. 
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TABLE 7-1.- PROPERTY VECTORS FOR SUBJECT H: WATER LEVEL HISTORY EXPERIMENT 


Attr ibu te 






History sample 

- 








2 

3 

4 

5 

6 

7 

8 

'9 

10 

11 

12 " 

13 

14 

Sample mean 

-4.2 

-4.2 

-4.0 

-4.4 

-4.4 

0.4 

0.4 

0.6 

6.8 

5.2 

5.2 

V 

5.2 

5.2 

5.4 

Sample standard 
deviation 

5.3 

6.9 

4.3 

7.9 

8.9 

2.9 

6.4 

6.2 

9.5 

1 

.5,7 

• 4.2 

5.7 

> 

9..1 

7.7 

Regularity* 

2 

12 

3 

1 

7 

11 

5 

14 

8 

9 

6 

13 

4 

.TO 

Number of 
clusters* 

2 

11 

3 

5 

9 

1 

4 

13 

8 

10 

7 

14 

12 

6 

Global symmetry* 

9 

1 

5 

3 

2 

14 

11 

13 

12 

7 

8 

6 

4 

10 

Local symmetry* 

7 

3 

2 

1 

4 

9 

8 

13 

5 

12 

10 

14 

6 

11 

Degree of 
sh L f L** 

14 

12 

13 

9 

11 

8 

6 

7 

io 

1 

3 

5 

4 

1 

2 


*Rank orders, most (14) to least (1). 

**Rank orders, most left (14) to most right (1). 




TABLE 7-2.- RANK ORDER CORRELATIONS OF PROPERTY 
VECTORS FOR SUBJECT H: WATER LEVEL 

HISTORY EXPERIMENT* 



Mean 

> 

0) 

? 

*0 

4J 

CO 

Regularity 

Clusters 

Global sym. 

Loc.al sym. 

S tandard 

27 






deviation 


- 





Regularity 

20 

20 





Clusters 

43 

22 

33 




Global symmetry 

16 

21 

52 

59 



Local symmetry 

59 

26 

38 

34 

27 


Shift 

-85 

03 

-19 

-52 

-09 

-55 


*Decimals .omitted. 


7.4 Analysis 

7.4.1 Construction of Cognitive Spaces 

Two cognitive spaces were developed for each of the 15 subjects 
under the two contexts using the techniques discussed in Chapter 4. One 
to four— dimensional spaces resulted for each context. The stress values 
for each number of extracted .dimensions for subject H. are. shown in-Eig- 
ure 7-2. Using the dimensional selection procedures described in Chap- 
ter 4, subject H's spatial models for the history and process context 
were defined to be 3- and 2-dimensional, respectively. Figure 7-2 indi- 
cates that- these values of dimensionality are statistically significant 
at better than the .05 level. 
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Final stress, n.d . 



Figure 7-2. Final stress vs. number of dimensions extracted for 
subject H: Water level history experiment. 
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Two subjects' data were dropped from further consideration be- 
cause the stress measures for their spatial models were not significant 
for even 1 extracted dimension. An analysis of their dissimilarity judg- 
ments revealed- -n^substanf-xal— 'number’-of— vi-olations- -of —.Cher-tri angle; ' — 
equallty™~an'~itapertan 1 r^ssurapirien^e’--the^'on'S'txu'etrion--of-'a— E-ue-lidea'n— jne;t—~-'-- 
ric (see Appendix A for further discussion). The various dimension- 
alities selected at .a significance level of .05 or' better for each of 
the remaining 13 -sub jects~are..provixl&cLJ.nJFable__7-3... 


TABLE 7-3.- COGNITIVE SPACE DIMENSIONALITY SELECTED 
FOR EACH SUBJECT: WATER LEVEL HISTORY EXPERIMENT 

(p < .05) 


Context 

_ 

_ 




Sub j ect 

- 







a 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

□ 

M 

History 

2 

4 

3 

3 

3 

4 

3 

3 

4 

2 

2 

4 

3 

Process | 

j 

2 

2 

2 

2 

2 

2 

3 

2 

3 

1 

2 

2 

2 


7.4.2 Comparison of Judgment. .Data _ 

Procedures defined in Chapter 4 described how sets of dissimilar- 
ity judgments were compared using the Pearson product-moment-correlation 
coefficient r, and cognitive spaces derived from the judgments were 
compared using the matrix similarity measure MSM. Table 7-4 presents 
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TABLE 7-4.~ CORRELATIONS (r) BETWEEN DISSIMILARITY JUDGMENTS AND SIMILARITY MEASURES (MSM) 
BETWEEN COGNITIVE SPACES FOR EACH SUBJECT: WATER LEVEL HISTORY EXPERIMENT 

(p < .05) 


[Sampl 


e size 


m 91] 


Parameter 

Subject 


B 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

l* 

M 





Contexts 

compared 

: Same 



- 



r S 

91 

85 

87 

77 

83 

78 

92 

82 

71, 

80 

73 

» 

79 

63 

Ps 

87 

79 

82 

69 

76 

' 70 

88 

75 

6 i t 

72 

63 

71 

51 

MSMg* 

93 

88 

91 

85 

89 

87 

90 

88 ‘ 

78 

83 

77 

83 

58 





Contexts 

compared : 

Different 






r D 

39 

41 

28 

20 

35 

49 

45 

21 

31 

27 

39 
* * 

1 

33 

50 

Pd 

53 

55 

43 

36 

50 

’ 63 

59 

36 

46, 

42 

53 

48 

64 

MSMjp* 

37 

40 

31 

25 

37 

47 *** 

47 *** 

27 

36 

35 

37 

39 

49** 

r Pmax 

86 

75 

80 

65 

74 

67 

88 

72 

57 

70 

60 

68 

46 


*Decimals omitted 
**p < .01 
***p < .10 





worst-case summary statistics for comparison of judgments for the re- 
maining 13 subjects. Listed are rg and MSMg (reliability coefficients) 

r 

for assessing reliability of judgments, and .stab i-lity of cognitive 

spaces, respectively^- and=r D and “MSMjy -(-difference- -coefficients-)' -for' •=■ i.v 

— ass'esaihg' ^he^eff e'tffe 3 "of t -cont'e^"chaa^e^if^Tid'gmenta^nd'^cwgni-td-ve-'^-^~t-^'' w *-" 

spaces. The highest value of the difference correlation coefficient 

m such that it is statistically different from rg at a .05 signifi- 
u max 

cance- level— is- also.--g-iv.en-.,. Table— 7-.-4.~s hows— .that- .with — th £.„£xc e p.t i o.n — of— 

sub j ec 6—M"'the --re-1 'i-abiT-ity—h-y-pothe-s-i-s—can—be—aG se p-feed— a-t — fch © — .-0 5-H-e vel— — 

for each subject for Pg- > .61 and the difference- hypothesis-can -be- " 

accepted at the .05 level for each subject (except M) for a population 
difference correlation coefficient Pp < .55. 

The reliability- correlation -coefficient -r-g f-or- subject M-was -sub- — 
stantially less than those of the other subjects. While there was no ji 
priori minimum acceptable -value for- -rg- or maximum acceptable- value, of. r D .. 
that would lead to rejection of a subject, the value of rp = .46 
compared with the sampled value of rp = .50 indicates that the hypothe- 
sis Pg > Pp cannot be accepted at the .05 level, for subject M. The anal- 
ysis indicates that for subject M, the reliability of judgments within 
context was not s tatis tically- greater than the difference in judgments.. .. 
across context. In isolation, the difference coefficients suggest that 
the change in context influences and modifies this subject's judgments. 

But the reliability coefficients indicate that replication within the 
same context also affects his decisions, and to about the same degree as 
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a context change. Hence, this subject was dropped from further anal- 
ysis, leaving 12 subjects. 

The difference coefficients in Table 7-4 show that the change in 
context causes' substantial - -repositioning -of -the - stimul-i in ^an • individ- - • 
ual's cognitive 'sp’dcev * -That - th e's exchanges -are -nof -attrrbu tabl~e--to~inc on— ' - 
sistency of subject responses or instability of- the cognitive model is 
supported by the reliability coefficients. For the remaining 12 (of the 
original 15) subjects , --the worst-case .difference.. coefficient .is .substan-... . 
tially less ■ than ‘-the respee-tive-'wors 6-ease -rei-lab-i ti-ty -coefficient -for- — 
the correlation coefficients, the difference is statistically signifi- 
cant. This supports the conclusion that each context evokes a unique 
cognitive space for an individual and the same one is evoked for the 
same context. • When the context changes, another appropriate cognitive 
space is evoked. 

7.4.3 Master Cognitive Space 

INDSCAL analyses of subject H's 2 context spaces indicated that 
5 linearly independent dimensions were required to account for the 
spaces. The dimensional weights for subject H are given in Table 7-5. 

The two contexts appear to use different dimensions, indicating that the 
two respective cognitive spaces are independent. There is little or no 
dimensional sharing between the history context and the process context. 

Master cognitive spaces were developed for each of the 12 remain- 
ing subjects with results strikingly similar to those of subject H. 

Table 7-6 presents a summary of pertinent results extracted from these 
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TABLE 7-5.- DIMENSION WEIGHTS Fur 
THE 5-DIMENSIONAL MASTER SPACE 
FOR SUBJECT H: WATER LEVEL 

HISTORY EXPERIMENT* 


Dimension. • 

Cognitive. Space, -- . • 

> 

History 

* * 
Process 

1 

69 


2 

50 

13 

3 

18 ' 

" 25 

4 

13 - 

. 79 - 

5 

10 

38 

Fit** 

79 

86 


*Decimals omitted; weights < 
.10 deleted. 

**Sum of squared weights. 


TABLE 7-6.-- SUMMARY OF MASTER COGNITIVE -SPACE- ANALYSIS F-OR 
EACH SUBJECT: WATER LEVEL HISTORY EXPERIMENT 


Parameter 

Subject - 

D 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

Dimension 

4 

6 

5 

5 

5 

6 

6 

5 

7 

3 

4 

6 

upper bound 













Dimensionality 

4 

5 

5 

4 

5 

4 

4 

5 

5 

3 

4 

5 

History fit* 

83 

95 

88 

75 

89 

96 

83 

79 

88 

83 

87 

91 

Process fit* 

80 

86 

86 

83 

91 

94 

87 

86 

79 

84 

86 

90 

Shared 

0 

2 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

dimens ions 














*Decimals omitted. 
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analyses. The upper bound on dimensionality is the sum of the dimen- 
sionalities of the individual spaces and is noted for reference. The 

9 

master space dimensionality for the majority of subjects is equal to 
the upper bound -of dimensionality -A 7-dimensional- - common space--was - - 
constructed from the 24 individual’ ' cognitive spaces (-12 -subjects x 2-** 
contexts) in order to investigate the- commonality of ’ the various 
dimensions among the subjects. The weights for the common space are 
given in Table 7-7. - 

The number of-si-gnrf i cant weights- (i.-e. , >.10) suggests the -di- 
mensionality for each context space for each subject. This number 
matches perfectly the dimensionality listed in Table 7-3 except for two 
cognitive spaces. The history context space for subject G is one dimen- 
sion shy, and the process context space for subject J has two extra 
dimensions. The low values of fit indicate that these spaces are only 
marginally spanned by the common space. 

There is almost complete segregation of weights between the his- 
tory and process contexts; the first context uses only the first 4 di- 
mensions while the second context uses the last 3 (subject G's process 
context space is an exception). This suggests that when the context 
changed from history considerations to process considerations in making 
dissimilarity judgments, every subject appeared to drop one set of 
attributes and adopt another set. The labeling analysis below tended 
to confirm this by identifying the dimensions used. 
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TABLE 7-7.- DIMENSION WEIGHTS FOR THE 7-DIMENSIONAL COMMON SPACE (ALL SUBJECTS) 

WATER LEVEL HISTORY EXPERIMENT* 


Dimension 


Subject - 





22 63 


D E 




P H PH PH PH PH PH PH P 


49 59 65 58 77 


.60 62 55, 


17 53 48 . 16- 


26 29 43 66 53 


26 44 


62 79 87 46 88 1 59 


61 43 


77 12 71 16 38 


82 77 91 83 87 82 74 82 87.80 93 88 63 75 81 85 86 


^Decimals omitted; weights < .10 deleted. 

**Cognitive space contexts: H = history; P = process.! 

***Sum o£ squared weights. 



64 16 , 25 


77 79 68 81 86 




































7.5 Dimension Labeling 

All of the 15 subjects supplied information that could be used 
to label their cognitive spaces. However, 3 of the subjects were 
dropped from the experiment' -for- -reasons -discussed above-,* and no attempt • 

- was' made to label- -their- 'spaces^- -~A~set~of* 7-*-property'-ve-ctoTS“'was‘”ob-- * 
tained.for each of" the 12 remaining subjects using the- information 
according to the procedures discussed in Chapter 4. The vectors repre- 
sented the sub j ect 1 s--ratings of the 14 water level - samples according. -to- 
the 5 attributes -specified- in- -Table-7— 3 two- vectors • .represented- -sampl-e * - - 
statistics and were the same for all subjects. Cognitive space labels 
were developed for each subject's two context spaces using a linear 
or monotonic linear regression (depending on the property vector meas- 
urement scale) property fitting technique- as discussed in Chapter -4. 

Table 7-8 represents the factor loadings weighted by the multiple cor- 
relation coefficients for subject H’s cognitive space under the history 
context. The regularity. , local symmetry , and shift attributes have the 
highest individual weighted loadings on the three dimensions that define 
this space. Hence, the his tory context space for subject H can be 
defined by the labels representing these attributes. 

Table 7-9 summarizes the results of dimension labeling for all 
subjects.' A check mark appears in an attribute-cognitive space combina- 
tion if labeling analyses indicated that the particular attribute was 
used in making dissimilarity judgments in that context. Of the 5 attri- 
butes mentioned by the subjects, 4 appeared to be sufficient to identify 
dimensions in the 2 spaces for all subjects. The comparison of labeling 
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TABLE 7 ~ 8?r — ^WET GH-T-ED -'F-Ae-TQR-'-LOADi-NGS'-'SROM*-P- - 
INTERLABEL. ..CORRELATION ..MATRIX FOR HISTORY 
CONTEXT : SUBJECT H OF WATER LEVEL 

HISTORY EXPERIMENT 


Attribute 

. Factor** 



r 2***' 


1 

2 

3 


Mean 

-57 

35 

31 

74 

Standard deviation 

14 

01 

54 

56 

Regular i.tv_- 

-85 

-1*9- 

10 

89 

Clusters 

21 

08 

41 

47 

Global symmetry 

68 

06 

-11 

69 

Local symmetry 

19 

27 

75 

82 

Shift 

-25 

61 

45 

80 

*Decimals omitted. 
**Loadings rescaled 

to rms 

value 

of . 


***Multiple correlation coefficient from 
monotonic linear regression (^=.01 = *78). 
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TABLE 7-9.- SUMMARY OF COGNITIVE SPACE LABELING FOR EACH SUBJECT AND FOR EACH CONTEXT: 

WATER LEVEL HISTORY EXPERIMENT 


Attribute 


Subject - 


1 

! 

A 

B 

C 

D 

E 

F 

G 

H 

■9 


K 

L 


H* 

P 

H 

P 

H 

P 

H 

1 

H 

P 

H 

P 

H 

•P 

H 

P 

H 

P 

H 

B 

H 

1 

H 

P 

Mean 


X 


X 


X 


X 


X 


X 




X 


X 


X 

1 

X 


X 

S tandard 
deviation 


X 


X 


X 


X 


X 


X 


X 


X 

\ 


X 


X 

X 


X 

Regularity 

X 


X 




X 


X 


X 


X 


X 


X 




X 


X 


Clusters 



X 


X 


X 




X 


X 




X 


X 


X 


X 


Global 

symmetry 



X 






















Local symmetry 

X 


X 


X 


X 


X 


X 




X 


X 


X 




X 


Shift 





X 




X 


X 




X 


X 






X 


MSM** 

78 

72 

91 

89 

69 

74 

83 

76 

85 

i 

80 

l 

l 

74 

79 

71 

84 

85 

83 

91 

86 

53 

31 

81 

76 

94 

88 


*Cognitive ;space contexts: H = history; P = process. j ' 

**Comparison between cognitive space and the cognitive space j represented by | the 
component scores for that context; decimals omitted. 
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results across context shows a clear tendency for subjects to use char- 
acteristics of the water- -level- samples -closely -related to the statisti- 
cally relevant properties of .mean .and- standard. -deviation , when -the - 
process context is-i.e-onsidere'dy ?but---to- bei-concemed^whthn-pattern ..pecuts •» 
-ii ar i*ti es^roi therrsormpftes‘SwherR 2 th enters boi^yiieon:tex-t. , rd'-s;rcori's-rder;ed'^ir;*— »= 
The statistical- properties -of -the- samples 'were .used -to- label -two 
dimensions of the common space. The results in Tables 7-7 and 7-9 sug- 

- gest that .-dimensions. 5, ‘6., . .and 7. -of_ the . common-_spac£L. should Jb_e_related 

— t o— fehe~sta t-i-sti-c a-1— -pixip er.tles ^-0 fc-tha-samp 1 es--;- ..--The^^ab.eling-.arLaLysis 

for the common- space™ conf i-xmed—thisy'as- the -sample- mean and- -standard - - --- 
deviation labels were found to be essentially orthogonal and signifi- 
cantly correlated with dimensions 5 and 6 of the common space (r^ of .78 
and .81 respectively).. - This.-strong.ly-.sugges.ta -that .these~two_at.tr.i-. — 
butes were considered by the subjects under the process context. None 
of the candidate - labels seemed, appropriate _f on-. identlfylng-dimension— 7-- - 
On the assumption that the label for 7 would be statistical in nature, 
various statistical measures were tried as alternatives; coefficient 
of variation (ratio of standard deviation to mean) of the samples pro- 
duced the largest correlation (r^ = .46) and hence seemed the most 
satisfactory, for. this. last- .dimension — — - 

7.6 Conclusions 

The change in judgment context produced different spatial cogni- 
tive models for 12 of 15 subjects. All of the differences were due to 
changes in the number and identity of dimensions of the models, and most 
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subjects completely replaced one set of dimensions with another. These 
changes strongly support the major hypothesis of this research that 
changes in the context of judging stimulus objects can cause changes in 
a spatial = repres enta-tiron ~of- -their- -perception- -(•£-. esy a-spatial ■-cogni-tive- 
mode'l) for' a' 'given individuals 

The cognitive space dimension weights -and labels clearly showed 
that the subjects considered the history context to be one requiring 
what could be called a -visual- pattern comparison .task.. All the labels . 
selected- were -based - - on- '-v-i- s u al- or -pat-tern -attributes -of- -the water -his— . 
tories. The subjects appeared to consider the samples to be no more 
than just a pattern of points. 

In the process context, the subjects acted as if a stochastic 
process caused the water histories and they switched to attributes more 
appropriate for describing such processes. The dimensional weighting in 
this context indicated that sample mean- was- generally more important 
than standard deviation in discriminating among the histories. This 
seems reasonable if a shift of central tendency or average is easier to 
detect or quantify than a measure of scatter. The apparent emphasis on 
sample mean may be due to the fact that water level (and not, for exam- 
ple, the chance of flooding) was the variable emphasized in .the experi- 
ment . 

Based on the dramatic shift in attribute weighting, it appears 
that the subjects did not consider the stochastic nature of the under- 
lying process in the history context. Initial consideration of the 
stochastic nature by the subjects could have lead to the statistical 
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descriptors being more relevant for use under the history context. Con- 
sequently, -had the order of 'context -presentafc-ion--been- -reversed (i.-e.-, 
process before history ) , .one- might expect to. find more weight for the 
s t a t i s - 1 i c a 1“ 'dim e ns ron5'~ufflder'~khe ^hi-'atory~ 'contextv-— But^i-suffici-en-t-:--^--" 
— time was al-1 oved~be'tweeri '-33 ii-f 'eren'ihre 6 irt-ext ~ ^e-x-p osure-sy-’^say- a=week-as— wasi~ 

used here, -then. ±he_ effects of . a_q>rior consideration. _of„the .sjtochas tic 

nature of the. samples might have decayed sufficiently, and the results 
would not dif f er--much-£rom^thoae,.a:epox.ted..her.e J , — .. 

0 ^ond-a-ry— 'hyp ot-he-soss-o f---th' : i~S'-- , e - xper-!y[Tie n-t'-was-- -tast-*. s ub qc c C s-*.£-Ux=-: 
m i 1 i ar wi thr "sto chas tic phenomerra-would— h ave— tower— d imen s ion a-1— c o g n i- t i-v e— 
spaces and less change in dimensionality across context change than 
others without this background. To evaluate this hypothesis, subjects 
were asked at the end of the experiment to report the number of years of 
work experience and formal education they had in dealing with stochastic 
- -phenomena-. ■ — T-he--author— also— r-ated-~each— subject— an— s.tat is.ti.cnJ_ sophist i.ca, 
tion based on his own knowledge of the subject. These two ratings were 
each used as independent variables to predict the dimensionality of each 
context space, and the algebraic difference of dimensionalities between 
context spaces for each subject. Six linear regressions were performed 
using each independent., variable— (ij_to_predict_each_dep£ndent_v.aria.bJ..e — 
(3) for each subject, but none resulted in a statistically, significant., 
correlation coefficient. Though not significant, there was a slight 
trend: The more background the subject had, the lower the cognitive 

space dimensionality produced, and the less change in dimensionality 
across context changes. 
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Three subjects were dropped from the experiment} two because 


their dissimilarity judgments were not consistent with a spatial cogni- 
tive model, and the third because his judgments did not appear to be 
replicable. - There was- -Tittl-e- noticeable^ -similarity- between -the first - 
two subjects-. - One- -was 'a~f emaie“ secretary- and'-the- -other- was’'-a' , Tna-le c 'en-’* 
gineer with about 5 years- of- background in stochastic phenomena. The 
latter was interviewed after the experiment and informed that his judg- 
ments appeared to .violate the. .triangle. Inequality., _ a. basic assumption 
of the spatial -cognitive ---mo del.- — >He— could.-of f er no-- explanation. for_ the 
violations but concluded- with the- observation "I- guess that model 
doesn't fit my judgment style." 

Discussions with the subject whose judgments did not appear 
replicable suggested that, because of his "dedication" to the experiment 
he continued to think about the samples between experiment sessions. 

He admitted that,- as a- consequence, this caused-him to- consider .the. - 
stimuli with a new perspective and to change relevant attributes between 
replications for judging the stimuli. Effectively, this subject changed 
his judgment context for every experiment session. 

The finding that the dimensionalities of the spaces from the his- 
tory context were as least as great as those.! r.om_ the, process context 
parallels a similar result from the previous experiment. In Chapter 6 
it was conjectured that the second context space might be a subset of 
the first context space. But as was also found for that experiment, the 
weights and labeling analyses for this experiment showed the two context 
spaces to be completely Independent. 
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CHAPTER 8 


THE EFFECTS OF CHANGES IN JUDGMENT PERSPECTIVE UPON • • 

A SPATIAL COGNITIVE MODEL OF MICROPROCESSOR COMPUTERS 

8 . 1 Summary 

To demonstrate the change in- comparison., judgments caused by a 
change in -judgment ■ perspec t-ive-, --subjects- wer-e- asked -to make dissimilar- 
ity judgments about microprocessor computers ( micros ) from their own 
viewpoints as sellers and from the viewpoint of a purchasing agent or 
buyer. The situation was part of an actual procurement process for the 
National Aeronautics and Space Administration (NASA), and the micros 
were offered in proposals in response to the client's advertised needs. 
One of the subjects (the buyer ) was a principal member of the team 
established to evaluate and ultimately select one of the nine micros 
offered. The other three subjects were micro marketing salesmen 
( salesmen ) who represented three of the seven companies bidding on the 
proposed contract. 

Under the first context, the experiment required of each subject 
his own individual judgments of the dissimilarity of the micros with re- 
spect to appropriateness for the stated needs of the buyer. A spatial 
cognitive model was formed for each subject using his individual judg- 
ment perspective. Under the second context, the experiment required the 
salesmen to judge the micros as each thought the buyer would. This 
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change required a buyer judgment perspective and created a form o£ roie 
playing for the salesmen. Cognitive models were formed for the salesmen 
using the buyer perspective and comparisons were drawn between the two 
perspectives for each salesman. 

The change in judgment perspective produced"dif f erences in' ‘the' 
cognitive- spaces for the- salesmen. The- differences were bot-h- structural 
and spatial and were demonstrated by changes in dimension weights of a 
master space for each salesman that spanned his two cognitive spaces. 

The dimensionality -of- the- individual -cognitive-- spaces was-hi-gh (i.e.,- 3 
or more); the objective physical attributes of the micros proved to be 
better labels for cognitive space dimensions than were the 
subjectively-supplied attributes . 

Of the three salesmen investigated, the one most able to emulate 
the buyer's perspective represented a micro that was a more serious con- 
tender for winning the contract than those of the other two. That sales- 
man's knowledge of the buyer and of what the buyer "actually" considered 
to be important may have enabled him- to understand the buyer and influ- 
ence his selection process in a more effective way. 

8.2 Experiment Background 

In Chapter 2 the individual perspective was defined as the rela- 
tionship of the person judging the stimulus objects to the task, to the 
objects, or to the purposes which the task or the objects serve. It is 
essentially the role the person plays in relation to the other aspects 
of the task. This chapter presents the results of an experiment dealing 
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with the effects of individual perspective on spatial cognitive models. 
This section discusses the background of the experiment setting because 
of the implications of the experimental results for marketing tactics, . 
especially' in the-? area' of influencing •indus-fcriai-.-purchas ingird e-c-isions.. 

' Classic ai'-’-economi-c-— the o ry~a s i sumes~-fehatea"C on sumer is ?b ehav-ior aa.'S-ev? 
motivated solely by rational economic considerations. However, ..in addi- . 
tion to such considerations, empirical evidence has led to an increasing 

recognition^-that_indus-tr_ial— b.nynxs^„-f&r.. example., _ r . an . . b e —S.ignxfi.c ant JLy . 

-in-f-luene e d-'-by-'p sy eholo g^e-a-l^-^non— ®cs oncmx-G^)-*--.mot-i. ves—*(XjazOv.* : l-9.6..Q.).-*-M.'HeT^-... — ~ 
search findings — further suggest "that- 'the- “selection- of— one” vendor- from- -- •- 
several competing ones is always accompanied by some perceived risk on 
the part of the individual buyer (McMillan 1972). Consequently, the 
buyer, by selecting- that- vendor for which- the least, risk- is perceived.,.,^, 
selects a course of action which reduces or at least allows him to han- 
dle the perceived- risk- -(Bauer- 1960, Cardozo and Cagley-19-7-1) . - McMillan - 
(1974) lists three sources of buyer risk: product, salesman, and com- 

pany. However, the uncertainty assigned to each of these sources will 
vary greatly with the individual buyer involved. Each buyer views the 
buying process with a unique perceptual bias reflecting his own psycho- 
logical perspective and the specific characteristics _of„ the_ particular, 
purchase under consideration. It is therefore plausible that the, extent 
to which a vendor can understand the buyer's perspective affects his 
ability to sell to the buyer. A discrepancy in the perception of the 
purchase between the buyer and the salesman, if it exists, could have an 
impact upon the buying decision. A spatial cognitive model provides a 
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means of quantifying the relation between the buyer's perception and the 
salesman's understanding of it. 

A NASA facility recently issued a request for proposals (RFP) 
for a microprocessor computer- to~ control subsystems- of - a manned- vehicle 
simulator. The proposals' were to- -be~"evaiuated"by -a“team-'composed~of~con- 
trol engineers and computer systems analysts- in two steps, point-by- 
point comparison, then overall evaluation. The evaluation would be 
based on predefined- criteria applicable to all micros.. 

Nine micros-- were* -prop os ed—-by— -seven- -companies-. — The-exper-iment..-.- - — 
reported here deals with three of the seven micro--sales ■ representatives 
and one of the evaluation team members. The three salesmen, referred to 
in the experiment as A, B, and C, represented micros 2, 1, and 8, respec- 
tively. The experiment was performed after the team had completed the 
previously mentioned comparison step and prior to the actual evaluation 
step. However, some data were obtained after the evaluation step. 

Legal aspects of letting U.S. Government contracts formalize any 
communication between themselves and suppliers or vendors. In the sub- 
ject case, specific requirements for the micros (required interfaces, ap- 
plication, etc.) and criteria for selecting the contract winner were con- 
tained in the written RFP issued to all companies interested .in bidding 
on the contract. No other communications to the companies or their 
salesmen were allowed. Furthermore the companies could only communicate 
their response to the RFP through a formal written proposal. Request 
for further clarification, etc. by any company, or by the Government 
selection team are strictly prohibited. At the Government's option, 
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however, if sufficient general ambiguity exists, they can make an oral 
presentation of contract requirements to all companies, or each company 
can make an oral presentation..o£ . their writ ten-, res pons a..- .These options 
were not exercised or -fehis—con tract-. - 


S tudy o frthi'ST^indus trxa'k-piirchasi-TLgrcas'e'^pTavided'ran.r'ex'cattentes:- 


opportunity to demonstrate 
characteristic of judgment 
. practical .significance_J.n_ 


that experimental' '.changes tint the perspective 
context can cause, substantial .changes of. 
spatial rog m' Hyp mode ls for ..an ind ividuai. — 


... —The re. -are— no known— s tu di e s ™o f™eagn lklve~.mo dels., 


such real- situations— of- comparable— importance— to~the participants-,’- that- 
have had subjects as highly skilled in their professions, and have had 
stimuli as complex as the experiment reported here. 


8 . 3 Method 

Nine micros offered in proposals ,' served as stimuli. Relevant 
attributes were obtained from the proposals and company brochures list- 
ing the characteristics of each micro. Subsequent discussions with 
micro salesmen not in competition for the subject contract helped to fa- 
cilitate data presentation. Twelve attributes common to all micros 
(listed in -Table 8-1). were .used .to .des.cr.ibe. -them..on._3..x. 5_cards 


8.3.1 Procedures 

Experimental tasks consisted of having the 4 subjects rate the 
subjective dissimilarity of the 36 pairs of 9 micros in accordance with 
the general procedures detailed in Chapter 4. Under the first context, 
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the dissimilarity judgments were to represent the individual's own per- 
ception of the appropriateness of the micros to the stated requirements 
of the buyer (i.e., the REP). These instructions specified the judgment 
context to be that of individual perspective. ' - 

Under the" s ec o n d~* context ~ th er~s ai es menrwe r exin s-fcr u c-t e d ’-tor-rev- ' 
judge the micros, but this time from- the perspective of how each thought 
the buyer would perceive the micros. Essentially, the salesmen were 
asked to play ihe.xole_.of the .buyer.- when., they.. considered _the . buyer perr — 
spec tive-. Judgments-.-* were_xe plica ted._f or _eadujcontex±_.-on__the_saine_day__^ — 
using different random orderings of the stimulus pairs, but the pairs 
were otherwise the same. The buyer perspective was introduced to the 
salesmen about a week after the individual perspective. 

All subjects were asked to specify, in addition to those listed 
in Table 8-1, the attributes of the micros they considered in making 
their dissimilarity judgments- Because of legal requirements of the pro- 
posal evaluation, the buyer declined participation in this phase of the 
experiment. Collectively, the salesmen offered 6 attributes. These are 
listed in Table 8-2. Because McMillan's (1974) list of sources and char- 
acteristics of perceived risk by a buyer in choosing a vendor is simi- 
lar, that list is also included in Table. 8-2 for comparison. Contrary 
to McMillan's results, the salesmen did not list themselves as a signifi- 
cant factor in a buyer-salesman transaction. 

The salesmen were then asked to rate the micros on the 6 attri- 
butes checked in Table 8-2. A set of 6 property vectors was formed for 
each salesman from these ratings; 12 property vectors formed from the 
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TABLE 8-1.- PHYSICAL PROPERTY VECTORS USED IN MICROPROCESSOR EXPERIMENT 



Attribute 




Computer 

index 

number 

- 





1 

2 

3 

4 

5 

i 

6 

7 

8 

9 

1. 

Number of instructions 
available 

46 

50 

45 

28 

60 

i 

27 

70 

46 

96 

2. 

Typical cycle time, 
ysec 

12 

24 

10 

15 

10 

,1 

6 

20 

2.5 

3. 

Program addressing 
range, kilo words 

2 

1.3 

1.5 

0.756 

8 

0.512 

65 

65 

4 

4. 

Data addressing ' 
range, words 

128 

96 

1000 

64 

1000 

32 

65,000 

65,000 

320 

5. 

Decimal arithmetic* 

0 

1 

1 

0 

1 

0 

1 

1 

1 

6 • 

Address stack depth, 
number of jumps 

1 

2 

2 

2 

7 

( 

2 

1 

3 

8 

7. 

Number of conditional 
jumps 1 

1 

30 

10 

5 

16 

1 

3 

9 

3 

l 

14 

8. 

Input/output expanda- 
bility** 

2 

1 

' 2 

1 

3 

1 

3 

3 

3 

9. 

Memory expandability* 

0 

0 

0 

0 ' 

i 

0 

1 

1 

1 

10. 

Program memory, 
kilo words 

2 

1.8 

1.5 

0.76 

i 

i 

0.51 

1 

2 

1 

11. 

Data memory, words 

128 

94 

96 

64 

8 9 

32 

64 

256 

64 

12. 

Number of input/output 
lines 

28 

31 

18 

33 

21 

i 

24 • 

32 

* 23 

27 


*Yes (1), No (0). 

**Yes (3), limited (2), No (1). 






TABLE 8-2.- COMPARISON OF SALESMEN-SUPPLIED ATTRIBUTES 
WITH MCMILLAN, J.S*. (-1973) .LIST OF SOURCES - - 

OF BUYER-PERCEIVED RISK 


McMillan 


Salesmen-supplied 


Source 


Product: 

Cost / 

Performance / 

Quality / 

Quality consistency 

Salesman : 

Hones ty 

Dependability of promises 
Competency 
Effectiveness 

Company: 

Ability to deliver 
on schedule 
Innovative nature 
Dependability of promises 
Capability of supplying 
future demand 
Reciprocity 
Technical capability 
Emergency assistance 


/ 


/ (Service) 


/ 
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physical properties listed in Table 8-1 were common to all subjects. 

The description of the analysis and the discussion which follow refer, 
for convenience, to-one subject chosen. at -random. from- the. 3 salesmen.be-. 
cause his datainrewctypica-l— iJlei-ds-^refjerxed, -to-^as^-sub.ject A.~ iXRes.ults^— . 
“ — ^or~~tne j -buyer^and?t^he j ^o th&K 7 r2-^al-e euien ~- w i%l^be^re-fern?&d'y-tO-‘- > .wheT?ey-appr-o— 
priate.) Subject A’s property- vectors for. the 6. subjective.- attributes 
are given in' Table 8-3; intercorrelations . for. all 18. property, vectors 
are given in. Table. 8-4. . . 


TABLE 8-3.- SUBJECTIVE PROPERTY VECTORS* FOR SALESMAN A: 
MICROPROCESSOR EXPERIMENT 


Attribute 



Computer 

index 

number - 





2 

3 

4 

5 

6 

7 

8 

9 

Cos t 

2 

7 

5 

6 

3 

4 

9 

1 

8 

Performance 

7 ‘ 

6 

5 

9 

1 

3 

2 

8 

4 

Quality 

4 

2 

8 

5 

9 

7 

3 

6 

1 

Delivery 

5 

9 

6 

4 

8 

7 

2 

3 

1 

Service 

i 

9 

6 

7 

4 

5 

8 

2 

1 

3 

Emergency 

5 

6 

1 

7 

3 

8 

4 

9 

2 

assistance 










*Rank orders, 

most 

(1) 

to least 

(14) 
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TABLE 8-4.- RANK ORDER 
FOR SALESMAN A: 


Q) 




00 




d 


c 



-d 

0 

0) 

aJ 

a) 


4-J 

•H 

a 


00 


P 

4J 

*rl 


g 


0) 

o 

■U 

e 


H 

r d 

3 


to 

n 



u 

QJ 

w 


0 


4J 

r-t 

00 

cti 

•H 

a 

Cfl 

O 

o 

U 

a 

cd 

£ 


Vj 

aJ 

(0 

4J 


a 

P-r 

Pi 

p 

cn 


Cycle time 

12 






Program range 

37 

-33 





Data range 

-07 

-30 

26 




Decimal 

26 

02 

23 

40 



Stack depth 

15 

-25 

19 

35 

85 


No. jumps 

-44 

31 

-55 

-25 

35 

41 

T./O expand 

29 

-20 

55 

35 

68 

38 

Memory expand 

29 

-45 

35 

45 

78 

68 

Program memory 

21 

-04 

-42 

-22 

-22 

-22 

Data memory 

22 

-04 

-42 

-22 

-22 

-22 

No. I/O lines 

-15 

40 

-73 

13 

10 

-13 

Cos t 

-42 

40 

-12 

25 

-27 

-73 

Performance 

-72 

37 

-23 

-30 

07 

15 

Quality 

50 

-40 

38 

12 

37 

-62 

Delivery 

15 

-58 

15 

-50 

62 

-25 

Service 

-17 

-37 

-20 

-22 

68 

-07 

Assistance 

-47 

13 

35 

-28 

-23 

13 


*Decimals omitted 



Service 



8.4 Analysis 


8.4.1 Construction of Cognitive Spaces- 
» Two cognitive spaces* were developed, for— each, of the. 3. salesmen - 

under- the 2-- -c ontex-bSi-itrsingt ,-the=-3techn iquessjdis cus:s ed £ injs.Ghapte.r- '-4'.*. -' One 
— co gn i't i" v e — spar e— wa'S— d ev edrop edrrf or-mth'S-h ay err; r-cft/orrvto'tfour -.dimensdronaivr""— ■=■ 
spaces resulted from* ..each ‘context .r **. The- _ s tress:, values: for. each: number. of. ■; 
extracted dimensions for all subjects are shown in Figure 8-1; dimension- 
- alities ,qp 1 t»<-t-p d. for parh su bject, ar.e g iven, J.n_Tab.le—8r.5-. 


TABLE 8-5.- COGNITIVE SPACE DIMENSIONALITY 
SELECTED FOR EACH SUBJECT: MICROPROCESSOR 

EXPERIMENT (p < .05) 


Context ■ — 

■ 

— 

Salesman-- 



WM 

A 

B 

C 

Individual 

— 

'3 

3 

3 

Buyer 

4 

4 

2 

3 


8.4.2 Comparison of Judgment Data 

Table 8-6- presents, worstrcase. summary statistics .of, comparison .. . 
of judgments for the 4 sub jects .( intrasub ject comparison) and for compar- 
ison of the judgments and cognitive spaces between salesmen and buyer 
( salesmanbuyer comparison). The latter part of the table is discussed 
later. Listed here rg and MSMg (reliability coefficients) for assessing 
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Final stress, n.d 






3 


Figure 



TABLE 8-6.- CORRELATIONS (r) BETWEEN DISSIMILARITY JUDG- 
MENTS AND SIMILARITY' MEASURES" (MSM) BETWEEN COGNITIVE 
SPACES FOR EACH SUBJECT: MICROPROCESSOR EXPERIMENT 

(p < .05')* • 

[Sample size = 36] 


Parameter 

Intra-subject 

comparison 

Salesman-buyer 

comparison 

Buyer 

A 

B 

C 


B 

C 

Contexts compared: Same 

r S 

84 

88 

79 

75 

76 

64 

39 

PS 

73 

80 

65 

60 

61 

44 

11 

MSM S 

76 

78 

86 

71 

78 

53* ** 

13 ** 

Contexts compared: 

Different 



r D 

— 

38 

41 

36 

36 

41 

28 

PD 

— 

59 

62 

57 

59 

62 

32 

msm d 

— 

31 

40***43*** 

42** 

* 46*** 

06 

r D 

u max 

— 

75 

56 

50 

— 

— 

— 


*Decimals omitted. 

**Not significant. 

***p < .10. 
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reliability of judgments and stability of cognitive spaces, respec 

tively. Values of r D and MSM D -(difference coefficients) for assessing- -- 

the effects of context change -on judgments and cognitive.--spaces , and. the. 

highest' values' of? 'the • dif ference' ^cur'rel 7 atron--coe'f-f-i'cienfc tttt ^^ sueh-tha-t-sn 
- max 

' 'it' is s fca'tis tlcalTy ‘different "at '-a ".*05“*s ignificance"levei -are~a-ls o- — — “ — - 
given. Table 8-6. shows that the xeliab.il Lty._hyp.o thesis can be accepted 
at the .05 level for each._sub ject for .Pg > .60 .and the difference hypoth- 
- es-is— e-an-be- -aecep-feed— a-fe~ the— .-05— le-v-el— f o-r— each— sa-lesman — Ct-he ... buyer w as 

— Qot~ ‘exposgd , -^to^-^on-feex-fe^-change)=^f-6 j E-^a^pQpu-la-tion^dif.£e'Eeneea-cor^ela tirOn^ - v .. 

coefficient Pp < .62. 

The difference coefficients in Table 8-6 show that the change in 
context causes substantial repositioning of the stimuli in each sales- 
man's cognitive- "Space-.*-- That- this- -repositioning • is-^not attributable .to.— _ 
inconsistency of subject responses or instability of the cognitive 
models is supported by the reliability -coefficients . - For each salesman, 
the worst-case difference coefficient is substantially less than the 
worst-case reliability coefficient; the difference between the correla- 
tion coefficients is statistically significant. This supports the con- 
clusion that each context evokes a unique cognitive space for an individ- 
ual and the same one --i-s- evoked- for-the same context. 

Since one part of the experiment required the salesmen to judge . 
the micros from the buyer's perspective, comparisons were made between 
each salesman's cognitive space developed under the buyer perspective 
and the buyer's cognitive space. Those comparisons are also given in 
Table 8-6, and indicate that salesman A’ s buyer perspective space is the 


145 



best approximation, to the buyer's space (rg — .76) while salesman C's 
buyer perspective space is the worst approximation (rg = .39). Salesman 
B's individual perspective space, however) was a better approximation to 
the buyer's space -(rjy =--.4i')' than- was -A> ,? s -indi-viduaT- -perspective-, space. . 

(rp) = .36). The" nature of - the se~ “approximations— rs-iaddTe^s ed'-dm-sub-s e— 

quent sections. 

8.4.3 Master Cognitive Space __ 

An INDSCAL analysis --of- -salesman- A-'-s-two -context-spaces, indicated- 
that 6 linearly independent dimensions were required to account for the 
spaces. The dimensional weights for salesman A are given in Table 8-7. 
For the individual perspective,' the dimensionality previously chosen for 
salesman - A's cognitive space-was-3. According --t-o -Table 8-7, the three 
largest weights are for dimensions 1, 2 and 6 which suggests that these 
master space dimensions are used in this context. The buyer perspective 
appears to use dimensions 3, 4 and 5 in addition to dimension 1 featured 
in the individual perspective. Master cognitive spaces were developed 
for the other two salesmen with results similar to those of salesman A. 
Table 8—8 presents a summary of pertinent results extracted from these 
analyses . 

The primary objective of this experiment was to determine if one 
individual could adopt another's perspective in making comparison judg- 
ments. In particular, it was of interest to assess the ability of the 
salesmen to adopt the buyer's perspective in judging the micros. This 
assessment was made by defining a common space for all the subjects and 
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TABLE 8-7.- DIMENSION WEIGHTS FOR THE 6-DIMEN- 
SIONAL MASTER SPACE FOR SALESMAN A: 
MICROPROCESSOR EXPERIMENT* 


Dimension 

Cognitive space- 

Individual Buyer 

perspe'ctive perspective - " 

j 

1 

40 57 

2 

80 

3 

65 

4 

14 

5 

32 

6 

13 

Fit** 

S3 89 


-'Decimals omitted; weights < .10 deleted. 
**Sutn of squared weights. 


TABLE 8-8.- SUMMARY OF MASTER COGNITIVE SPACE ANALYSIS 
FOR EACH SALESMAN: MICROPROCESSOR EXPERIMENT ' 


Parameter 

Salesman 


fl 

B 

c 

Dimension 
upper bound 

7 

5 

6 

Dimensionality 

5 

4 

5 

Individual fit* 

83 

91 

86 

Buyer fit* 

89 

87 

93 

Shared 

dimensions 

1 

1 

1 


^Decimals omitted. 
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a set of dimension weights which were unique to each individual. When 
applied to the common space, an individual's dimension weights provide 
an approximation to his cognitive space. Three different collections 
of cognitive spaces-were- used --to form common -spaces :• (l-)--all cogni- 

tive spaces for all subjects,- -(-2) '-al~l individual- -per spree tive-spaces>;- - 
and- (3) the buyer's space-- and- the salesmen-'-s buyer perspective spaces. 

The last two collections were no more informative than the first, and 
hence, subsequent discussions will address that common space using .the. 
seven (buyer -+ 3- salesmen x- -2- perspectives )-cogni-t-i-ve spaces.- -A- com- 
mon space dimensionality of 8 was selected. Table 8-9 provides the 
dimensional weights for .this common space. 

A comparison of each salesman's judgment data under the buyer 
perspective to judgment data from the buyer (see the values for rg in 
Table 8-6) suggests that the salesmen should be ranked A-B-C (best to 
worst) based on their ability to adopt the buyer's perspective. The di- 
mensional weights in Table 8-9 indicate why this ranking might be appro- 
priate. Salesman A achieved a good approximation to the buyer's space 
by appearing to adopt three of the four attributes the buyer used and 
having about the same weighting (emphasis). C appeared to adopt one of 
the attributes the buyer used (dimension 8) but underemphasized it. Tne 
fact that salesman's C buyer perspective space was marginally included 
in the common space suggests that he used other attributes to judge the 
micros; ones that the other subjects did not use and are not represented 
in the common space. Salesman C's two context spaces are included in 
the common space only because of his strong emphasis on dimensions 3 
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TABLE 8-9.- DIMENSION- WEIGHTS FOR -THE 8-DIMENSIONAL ... 

COMMON* ** *** ' SPAEE~TATrL'^SUBGECTS'0T^'MTCR'OPROCESSOR x ^'' w ''^^'' 

EXPERIMENT* 



*Decimals omitted; weights < .10 deleted. 

**Contexts: I = individual; B = buyer. 

***Sum of squared weights. 
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and 6. Furthermore, one of the three dimensions from C's buyer perspec- 
tive space (see Table 8-5) is missing from the common space. Because of 
the poor fit between these two spaces, it is obvious that this unknown 
dimension constrtu-tes- a -signif i cant -portion -of-C 1 s buyer -perspective 
space' which- -the- 'co'mmb'n--space~-faiH-s--to^-represen'tv — T-he-nnaTysi-s- b e 1 ow— • - 
tended to confirm this by identifying the dimensions used. 

8.5 Dimension Labeling 

Twelve property-vechors -derived- f-rom- -known -physical- -measures -.of-.- 
the micros were used to label cognitive spaces. The salesmen also sup- 
plied rating information on 6 attributes (listed in Table 8-3) and these 
data were used to form an additional set of 6 property vectors for each 
subject. 

Cognitive space labels were developed for each salesman's two 
context spaces and the buyer's one context space using a linear or a mon- 
otonic linear regression property fitting technique (depending on the 
property vector measurement scale) as discussed in Chapter 4. Table 
8-10 represents the factor loadings weighted by the multiple correlation 
coefficients for salesman A's cpgnitive space under . the buyer perspec- 
tive. The number of instructions , I/O expandability , program memory 
size, and data memory size attributes have the highest individual 
weighted loadings on the four dimensions that define this space. Hence, 
the buyer perspective space for salesman A can be defined by the labels 
representing these attributes. Table 8-11 summarizes the results of di- 
mension labeling for all subjects. Of the 6 attributes collectively 
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TABLE 8-10.- WEIGHTED FACTOR LOADINGS FROM INTERLABEL 
CORRELATION MATRIX FOR BUYER PERSPECTIVE: SALESMAN A 

OF MICROPROCESSOR EXPERIMENT* 


Attribute 


Factor 

** 



1 

, 2 

3 

4 

Instructions 

04 

-09 

85 

16 

87 

Cycle time 

08 

-41 

-06 

-06 

43 

Program range 

-54 

-38 

08 

05 

67’ 

Data range. 

-22 

. -13 

23 

16 

38 

Decimal 

36 

20 

22 

41 

62 

Stack depth 

-32 

-08 

38 

-28 

58 

Number jumps 

-21 

31 

13 

23 

46 

I/O expand 

-88 

-14 

17 

-08 

91 

Memory expand-: 

- .-01 

\ -09 

■22 

12 

27.* ** *** •. 

Program memory— * 

—10 

- 78 

05 

08 

79 ■ 

Data memory 

17 

-11 

13 

79 

83 

Number I/O lines 

21 

11 

09 

16 

31 

Cost 

30 

-14 

-08 

11 

36 

Performance 

26 

01 

39 

-27 

54 

Quality 

13 

33 

-29 

04 

46 

Delivery 

66 

03 

13 

10 

68 

Service 

09 

-04 

26 

-04 

28 

Assis tance 

08 

-01 

-15 

02 

17 


*Decimals omitted. 

9 

**Loadings rescaled to rms value of r . 

***Multiple correlation coefficient from monotonic 
linear regression (r a=t Qi - .94). 
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TABLE 8-11.- SUMMARY OF COGNITIVE SPACE LABELING FOR EACH SUBJECT 
AND FOR EACH CONTEXT: MICROPROCESSOR EXPERIMENT 


Attribute ‘ 

> 


Subject '• 


.. . . 




AI* 

AB BI 

BB 

Cl 

CB 

Number of 

instructions 

/ 

/ 

/ / 




Cycle time 

/ 






Program range 





/ 


Decimal arith- 
metic 






/ 

Number of jumps 


/ 





I/O expandability : 



/ 

/ 

/ 


Memory expanda- 
bility 





/ 

/ 

Program memory 

/ 


/ / 

/ 



Data memory 

/ 


/ / 




Number I/O lines 


/ 




/ 

MSM** 

78 

82 

84 91 

86 

37 

42 


*Contexts: I = individual; B = buyer. 

**Comparison between cognitive space and the cognitive space rep- 
resented by the component scores for that context; decimals omitted. 
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mentioned by the salesmen, none appeared to be adequate for identifying 


cognitive space dimensions-.-— Of the 12 .phy.s ical— at tributes, available — -- 

from micro company -brochuresy--only.--.the -data— addx.es sing— range -and — address 
stack- depth --attr-jbutese-iclid. ■not--f.ea-fcur.e-jirr-“an_yi-S.ubjncf .'-a^apacr-^s— - v»=u_.*= _*t= 




tive space and the -c o gniti ve*rsp acer^f errmedr fr omxth ere omp'onehtrrs cores: obx;r r- 
tained from the factor analysis of label intercor.relatfon“ for. each, con-.:- 
t ext— spare— i s— given.. 

-ind-i-eate- 



spective context -space'. The “low values- for salesman C?-~however,- support - 
earlier observations that C appeared to use attributes other than 12 
physical or 6 subjective attributes analyzed in this study. 

- Table 8-12- provides- a= -binary., classification, .(above, or. -below.), of — .. 
how a micro compared to the "average" micro in competition for the con- 
tract, on the- attributes --the- salesman- representing.J;hat.-micro-.appeared 

to use in each context. For example, a plus appears under A's individ- 
ual perspective for the number of jumps attribute because that attribute 
was used by A in that context (see Table 8-11) and A's micro (micro #2) 
has a 30 jump capability compared to the overall micro average of 10, 
i.e., #2 was above average.. .F-tom- .this., .table, it—can. be., seen _thaf._with_.an - . 
individual perspective the salesmen generally. .app.eared. .to .choose, attri- 
butes for which their micros surpassed the average micro but with a 
buyer perspective they seemed to choose attributes for which they were 
surpassed by the average micro. C was an exception. In both contexts, 
he appeared to use attributes on which his micro excelled. What this 
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signifies is not clear. The results suggest that salesmen A and B 
believed that the buyer would rate the micros on attributes for whic 

0 

their micros would rate only fair — a somewhat pessimistic attitude. 
C, on the other «h and, -.seemed, to -take .an. optimistic vi.ew_..-.i ■ 


TABLE 8-12.- COMPARISON OF EACH SALESMAN'S MICRO TO 
"AVERAGE" MICRO ON ATTRIBUTES USED IN CONTEXT SPACES: 
MICROPROCESSOR EXPERIMENT 


Attribute 


- 

Subject* 



AI 

AB 

BI 

BB 

Cl 

CB 

Number instructions 

- 

- 

- 




Program range 





+ 


Decimal 






4 * 

Number jumps 

+ 






I/O expand 


- 


- 



Memory expand 





+ 


Program memory 



+ 

+ 



Data memory 


- 

+ 




Number I/O lines 






+ 


*Contexts: I - individual, B = buyer; symbols: is 

less than average micro, "+" is equal to or greater than 
average. 
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8.6 Conclusions 


The change in judgment context produced different spatial cogni- 
tive models for -all salesmen.- ySome -of -the dif ferences~wer.e--structural-' - : : 
in that the number - and'T-identi'tyssofe^dimens'-ions^afesrth'e-.-modeis- changed.s'-sns^in- 

'Other s"were--shi-ftrs~in-rdimen^iornai-remphrasirsic^ei^h*tin'g^^n:d^Trodi?fefe-ati?OTr^e 

of the stimulus configuration.. .These changes support the major hypothe- - 
sis of this research that changes in the context of judging stimulus ob- 

j ec-ts- -can., cau se^ch ang £s-.in--a-_.spat-iaL— repre.senta-tion— of— the-ir~p e-r-c-ep t-ion 

■(-i-.-e.-, — s p a fci a 1 -c- o gn-i-fe-iv e— mo d e-1-) — i^r^a-~gi-veo~^-ndivi d u a 4-.-— ~ *--5: r— - - — - — 

The relrrab iT-ity—ana-lysi-s— of — the— sa-iesmen J 'S'~j'udgment— data -indi'— 
cated cated more variability using the buyer perspective than using the 
individual perspective (i.e., their otto). This is quite reasonable. 

Taking on another '-s -value— system -and- -using-- it- -to-make -certain -judgments— 
skillfully (i.e., as the other person would have), requires a complex 
cognitive process. Because of the individual's unfamiliarrty wi-th 
another's process, the individual would be expected to be prone to 
biases, etc., which might appear as judgment replication errors. 

Although 6 subjective property vectors were supplied by each 
salesman to aid in identifying the dimensions of his cognitive space, 

they were of limited value ,(see,-.for._example,_Table..8~1.0.)-.-in comparison 

to the 12 commonly known physical attributes of the computers. -It ap- - 
pears that although the subjects could suggest what characteristics they 
felt were important to their judgments, they were not consciously aware 
of which attributes they actually used. 
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Of the 3 micro salesmen considered (out of 7 bidding on the 


micro contract), A apparently did the best job of role-playing, while 
C was the worst if role-playing success can be measured by the number 
of attributes that? a: -salesman: chose: ‘in' common', with' 'the - buyer 'and-’ -- - - 

weighted^ by ■ ab'OutrrthB'-satne'—amoun t~ —The-'ab rtrfcy-~to~ • perc eiv e— wh-i-ch- — — 

attributes a buyer considers important constitutes a powerful asset 
for marketing strategy formation. These attributes are of major 

interest to industrial .marketing-- researchers _who~are _concerned„with ... 

"What fac-tors a-ff-ee-ted* -the huyer-’-selec-t-i-ng-- vendor— X— instead -of -Y-?-"- — - 
(Wind, Green and-Robrnson'~l-968-)— — Rei-ly- and- Hensel- (-197-4-)- suggest 
that in his role as gatekeeper of the flow of information, the salesman 
can increase his effectiveness by concentrating his efforts on using 
only sources of information considered -to -be of- high value by the 
buyer and favorable to the salesman's product. The salesman who 
does not (or cannot) perceive what the buyer wants might present 
his product in a poor light (i.e., emphasize the wrong qualities 
in a written or oral proposal) and have his product rejected. On 
the other hand, a good salesman (in terms of ability to role-play 
or perceive what the buyer wants) may be able to get a mediocre product 
accepted. There is some evidence to suggest that A.' s. good. and. .C ’ s .. - 
poor perception of the buyer's viewpoint may have been reflected 
in the buyer's perception of the salesmen's proposals. 

After the experimental data were obtained, salesman C's company 
challenged the legality of the original request for proposals, claiming 
ambiguous and biased requirements. The charge was made after the evalua- 
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tion team's comparison of the micros and before its evaluation. Follow- 
ing the charge, the proposal request was withdrawn pending review of the 
charges. At this point, the buyer was asked his view of the salesmen's 
proposals . .• -Eist re s p.ons e-:_wasr.:fco a. these f £ eefes-tha teCsE-rdm!_t. -knowewh a tr -Chewc . 


— contract -required ; — what~the^competxti-cm— was:yr-or- 


could offer, whereas A would have been a serious contender for winning 
the contract. 
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PftSC&DlNG PAGE BtlANK NOT FUME0 


CHAPTER 9 
CONCLUSIONS 
9 .- 1 Summary 

This chapter briefly .summarizes -the- results .of research on the 
effects of- context on -spatial cognitive-models from the four experiments-- 
and draws some conclusions about the methodology used. (For specific re- 
sults from each experiment refer to the appropriate chapter.) Possible 
areas of practical application of the context sensitivity of spatial 
models are then outlined. Areas of promise include project implementa- 
tion, diagnostic information, product perception, analysis of decision 
making, attitudes and -beliefs, .and. context specification.. .. 

9 . 2 Experimental Conclusions 
9.2.1 Conclusions About Context 

Previous work on spatial cognitive models has shown that an indi- 
vidual appears to simplify judgments of the dissimilarity of stimuli by. 
reducing them to comparison of the stimuli on a few relevant dimensions. 
The present research investigated whether the dimensions or attributes 
used depend upon the context of the judgments required of the individ- 
ual. Context involves a perceptual interpretation and cognitive under- 
standing of a judgment situation, and cannot be directly assessed or 
manipulated. In the experiments reported here, the stimuli were kept 
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the same but the situation was redefined by asking the subjects to give 
it a different interpretation or to adopt a different perspective. In 
effect, they were asked to assume a different context. This had a sub- 
stantial and replicable effect on the cognitive spatial model. 

As the result of analysis, context was classified with respect 
to five characteristics, physical environment, social environment, task 
definition, individual perspective and temporal setting. Attention was 
focused on the social environment,., task, definition and individual, per- 
spective. Experiments selected to demonstrate that changing these con- 
text characteristics would change individual spatial cognitive models 
were notably successful. This confirms a speculation by certain authors 
(e.g., Attneave 1950, Green and Carmone 1972, and Day 1972) that context 
might affect a spatial cognitive model and discredits Cliff's view 
(Cliff 1966a, Cliff _and .Young. 1968)_. that .it would not. This _rese arch 
found that the effects on the models were both structural and spatial. 
Structural changes were statistically significant changes in the number 
and nature of dimensions when context was modified. Spatial changes 
were changes in the representation of stimulus points and could be de- 
scribed by changes in attribute weighting. That the spatial models ac- 
tually changed was always verified by replication. 

Structural and spatial changes in the cogni-tive model show that 
the individual can be characterized as using a master cognitive space in 
making the dissimilarity judgments. The perception of a specific situa- 
tion (i.e. , context) appears to cause the individual to weight the stimu- 
lus dimensions (some perhaps with zero weight) such that the stimulus 
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interpoint distances in... the individual ’ s -cognitive space -ref lect the • • 
perceived dissimilarities among the stimuli under that context. When 
the context changes, the individual appears to change the dimension 
weights such that the new spatial configuration of the cognitive model 
represents a different- set of dissimilarity judgments'-made under- the new 
context. The master, space .concept is that a- specific context -evokes a 
specific subspace .of -the- master- space.,- and-rresults -suggest -tha.t~..it -would - 
be rare to find .a- context^so -comprehensive.. that .it-would. .evoke -the -en- . . 
tire master, space 

9.2.2 Methodology Conclusions 

The uncommonly high dimensional (e.g., 3 or more) cognitive 
spaces formed in this research may be due to the subjects attempting to 

make interval scaled di ssimilaraHtyiajudgmen tis... r:l-hirsE-con Lnas.terwith' .most m 

other studies _whi ch_. produced— only— 2— dim ensd onalers paces— but. -require d-'-only. - 
rank order judgments. 

The use of factor analysis in the interpretation of cognitive 
space dimensions provided insight to the labeling problem and is unique 
to this research. Cognitive space labels were selected by factor load- 
ings where the loadings represented correlations between each label and 
a set of independent factors. The factors were derived from a factor 
analysis of label intercorrelations. Factor analysis was an important 
aid in identifying labels which were significantly correlated with the 
cognitive space but mutually orthogonal. 
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In spite of the many studies which have used some form of a spa- 
tial model, no one has proposed a statistical test whereby cognitive 
spaces can be compared. Consequently, a matrix fitting procedure was 
adopted from another application along with a goodness-of-fit measure 
for comparing two cognitive spaces. In addition, this research devel- 
oped an empirical significance test for a modified goodnes s-of-f i.t mea- 
sure. Present application .of— the. test, ..however, .is limited' to comparing 
two cognitive spaces, from-different -contexts- Ci..e. tes-fcing .whether .the. - 
two spaces are independent)- — The use of such techniques for cognitive 
space replication analyses would require the development of the sampling 
distribution for the test statistic under the alternate hypothesis that 
the two cognitive spaces are not independent. This development is 
expected to be complicated by the need to incorporate the effects of an 
error distribution .due— to subject -inconsistency-iorr response .measurement... 
biases. 


9.3 Applications 

The fact that the spatial cognitive model is sensitive to con- 
text has implications for a variety of practical situations in which con- 
text is important. There is, of course, the very practical implication 
that all those who use spatial models in their research should control 
carefully for context or else consider it to be a relevant variable, 
kside from that, particular applications of interest are (1) human per- 
formance measurement, (2) congruence of individual perspectives, (3) mea- 
surement of consumer perception, and (4) research about context. 
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9.3.1 Human Performance Measurement 

An individual may- change. the_perspective with which, he. views- a 
set of stimuli through experience with the stimuli or acquisition of a 
skill in dealing with them. Since the spatial cognitive model is sensi- 
tive to changes in~perspective, it- can be. -used to determine whether or- 
not an individual .has ..mastered™ a. skill .or. attained, a., certain skill . 
level. This may be useful, in. analyzing— comp.Lax_manr.machine._sys terns ^ ... ui 

(e. g. h e 1 Lc o p ter — p i 1 o t_a bill ty _L n Zavala e t al— 1.9-65-) .1 n— p a-r-ti cu La r , _ „ 

.current s tudies nf_J:he. percep.tion_of_.workLoad_(.Si_apkar.as_L9.77.,_..Shexi..darL.^ 
et al. 1978) using cognitive spatial models should take context into ac- 
count since it is likely to have a strong effect on the perceived diffi- 
culty and demand of a task. 

Spatial model sensitivity to context can also illuminate biases 
in sub.j ec ti v£^.dec_i.si:on=makin^.^cdJiaez.:(cl9i7-Cb)^hasr-slxowxunthatrcar-.s^iaiiaiLrtiog; 
nitive model can ’be used -to ra ode 1 — s i ib j ec t ive-_ proh a h 1 l-f- t-i -a g- wiHi a-Hn nrl n s- 
events represented as points in the space. The present research -sug- 
gests that one would expect to find systematic biases in probability as- 
sessment due to context effects (see Tversky and Kahneman 1974 for a re- 
view of certain biases). 

9.3.2 Congruence of Individual Perspectives 

Congruence of individual perspectives is basic to the efficient 
functioning of most project teams. The effective implementation of a 
project, for example, depends upon certain psychological factors which 
can be examined with a spatial cognitive model (DeBrabander and Edstrom 
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1977). Context effects in general and individual perspectives in par- 
ticular are especially important in the light of Ulrich's (1977) six 
points of view which a project implementer must consider to get accept- 
ance by managers. To the degree that the implementer' s perspective of 
the project is at odds with the manager's, the project will have limited 
success (Doktor and Hamilton 1973, Bariff and Lusk 1977). Spatial cogni- 
tive models can be used to detect such differences in individual perspec- 
tives. Erlandso.n CL9.28.). us es_cogniJtive -models .to_ integnate-the-value - «_ 
systems of various individuals . to_es tablish_a~ reference point -for spe- 
cific systems evaluation. 

In a similar way, the spatial cognitive model can be used to de- 
tect and quantify the extent to which one person can "empathize" with, 
or adopt another's viewpoint. This can have important application in 

areas r anging fr.om . .c.h o o sin g _or_.. t r.alningrs.aLes “per s onnelr (.Churchill , 

Collins and Strang 1975), to conflict resolution . (Janis. 195.9 )._and to - 
determining advertising strategy (Wright 1973). 

9.3.3 Measurement of Consumer Perception 

Consumer product perception can be altered for marketing pur- 
poses by context manipulation. Slovic and MacPhillamy (1972) and 
Tversky (1977) have shown that common- attributes of stimulus objects are 
more heavily weighted in comparison judgments than are distinctive attri- 
butes. This phenomenon could be precipitated by appropriate context 
manipulation (e.g., product advertising messages) designed to invite 
consumer comparison of competing products along a few common attributes. 
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These attributes are carefully preselected to enhance the marketing 
image of an advertising sponsor's product. (See Kelly and Hensel 1974 
for further details.) -Methods of affecting attribute’ ‘selection an’d" 
weigh ting; by -contex-t^mani-pu:l-af4 T onv.*coeld^bevexpl-'ored^wit"h : '-'sp’atital~^'o'g'ni , ~ > ~ w 
-five-mode Is r -vSuthF:ree''earCh-woai'ri-':be— ol’ , inremen^one'~V£lTie"^h'^p ; rC'duct~"de^ r;: '’ ; ~^ 
sign. There the objective is not only to develop the product with- -the - 
"best" attributes, but. also to determine how these attributes should be 
_.d i s p 1 ay.ed..t o_-the_cnns-imen_ancL_i:i— what — co nt ex t— they— should— be--.pre sente d=^~~~ 
for effective marketing-.- ----- » -- 

9.3.4 Research About Context 

Several studies which have attempted to classify the characteris- 
tics of context -have— either- been- .-too-detailed— wi-th- -respect -to-t-he si-t-- — - 
uational factors (e.g., Sells 1963) or else lacked measurement' (e.g. , 

Moos 1973). These problems stemmed from an apparent failure t’o realize - - 
that context results from an individual perception of situation. Since 
perception is unique to the individual, the same situation can yield dif- 
ferent contexts for different individuals. Yet context could be "stand- 
ardized" for an individual by constructing a spatial cognitive model 
using a .standard set. of-stimulus -objects .--—The— context- -would_-then— be - - 

considered to change to. the- degree that- the -V standard" cognitive model 
changes . 

Wyer and Goldberg (1970) have suggested that many social phe- 
nomena (e.g., attitudes and beliefs) can be viewed in terms of processes 
of classifying objects or events on the basis of their attributes, or of 
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inferring attributes on the basis of class membership. This suggests 
that such phenomena can be represented as spatial cognitive models. 

Since a cognitive model is expected to be sensitive to context, use of 
the model would enable one to assess the effect of context manipulation 
on attitudes (Wyer 1970a) or beliefs (Wyer 1970b). If attitudes or eval- 
uations are context dependent, one could use the spatial cognitive 
model, for example, to probe the widely observed phenomenon of people 
maintaining different values .in different . spheres of- activity. 

9.4 Final Word 4 

There appears to be an extraordinarily consistent pattern that 
emerges from this research. Experimental treatments intended to be ma- 
nipulations of context (although they cannot be proven independently to 
be manipulations of. context except. by .the. original arguments as:to the 
nature of context), have resulted in very clear} distinct, and unambig- 
uous changes to individual spatial cognitive models. These~changes are 
of a sort that can be explained in a reasonable way with the master cog- 
nitive space and the labeling of axes. 

The weight of the evidence appears to this author to be that con- 
text has been affected and it is the context changes that have produced 
the observed effects on the cognitive spaces. The results seem to be 
too consistent and clear of interpretation to admit any other explana- 
tion. It would appear now that context must be explicitly taken into 
account in this kind of work simply because judgments are so dependent 
upon it. 
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APPENDIX A 


AN OVERV'IEW'"OF’ = N0NMETRIC~TOTDTIOTMNSTON£L~‘S'CAIlNG r_ (NME)'S)' “ ' 

A.l Introduction — . • 

The typicalrproblem-to ibemhandledr-byrmulti-dimensional' .scaling- 
(MDS ) •-procedur.es^ini-ght-rbe^r.oiagh'I-.y-i'S'tabed-’as".fcrl-l-ows'.rr=rGirveTi'..'a^set:rrof: -srrr. - 
stimuli wh-ich-vary with- respect - to -a -number of- dimensions •'(•not-all'-'of — 
which may be known to the subject nor the the experimenter), determine 
from comparison judgments of the stimuli 

a. A configuration of points representing the stimuli in a 
Euclidean space of minimum dimensionality 

b. ._ .Pro j.ec t ro n s sfes.cad c a rrva-lireB:) rsof i - t-h e laMma-M-rohrieachriof srthe-d fmeriex 
sions involved 

The procedures attempt to assign these~scalar values so that the 
numbers, when considered in terms of a specified geometric space, re- 
flect relations among the stimuli. These relations are usually dis- 
similarities (or similarities), which are interpreted to be psychological 
distances and are represented by the interpoint distances in the spatial 
model. The Euclidean geometric space is chosen for a number of distinct 
advantages: It is familiar; graphical representation is convenient for 

two and possibly up to three dimensions; and it has particularly simple 
mathematical properties. 
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A.Z fli)S Types 


There are two basic types of MDS analysis, metric and nonmetric 
or NMDS. The difference depends on how the dissimilarities are measured 
and used. If is the psychological dissimilarity measured on an in- 
terval scale (at least) between stimuli i and j and if d^j is the dis- 
tance to be derived between the two stimuli represented- in- n 7 space then, 
metric MDS analysis, requires. 


6 . . = ad . . + b 
ij ij 


( 1 ) 


where a is non-negative. The parameter b is determined so that all dis- 
tances satisfy the triangle inequality (d^ < d— + d j^) . The triangle 
inequality requires: ithatr-if stim uli a - an d -j -arp’-n 1 nsp- ,-rn- His: cognitive—:— 
space (i.e., if they are viewed as being similar), and stimuli j and k 
are close, then stimuli i and k must also be close (i.e., be similar). 
(For further discussion see Beals and Krantz 1968). Torgerson (1958) 
was the first to develop systematic procedures for deriving the dis- 
tances based on interval-scaled dissimilarity measures. 

Algorithms to produce NMDS configurations were lacking until a 
major advance was made by Roger Shepard (1962a, 1962b) who pioneered two 
significant innovations: First, he introduced, as a central feature of 

MDS, the goal of obtaining the same rank order in the experimental dis- 
similarities and the interstimulus distances. He clearly stated that 
the satisfactoriness of a proposed solution should be judged by the 





degree to which this condition is approached. Second, he showed that 
simply by requiring a high degree of satisfactoriness in this sense,- one - 

generally obtains very, tightly constrained._so-lutions : -If - the rank 

. orders of inter-pointt-dis t-ances.- 2 a-r&xdnpu-tepf-Shnn-Jdiec?d-nter.p©Lnted-i'S't- , ancesfc-^.— - 
■ can- be accurareiy^re'cOv.exe’dTrr^InrroIrh’errrwo-rdsjr'he'rTsh'owed'rth'a'tirthe'^rankrr^-t-'*---' 
order of the dissimilarities is itself enough to determine the solu- 
tion. In addition, Shepard described . and used a. practical iterative 

. -computer.. procedure-Jior_Ei.nding_Jiis-_soluii.on-. Since_then,^Krus.kal_^; 

— ^{■'1-9643-,. — U 15 1 h ■ U 61-)-, — an cI-Jou 11 g.-. CU-T- rirnon g— .otrhn-F-s--.'’'''h nv-o — cl cv-p.-lo pe cl 

what each considers'-to be--an'-improvement— over~the— origirral- Shepard 

program. One of Kruskal's versions, MDSCAL-V was used in the research 
reported here. 

The Nl'ffiS— procedures .require -only- that* the. dis s-imi lar i-ty. -judg- . 
ments be made on an ordinal scale. (Although judgments in this research 
were obtained on. a presumed, interval scale, only the rank order informa- 
tion was used.) The solution technique used for MDSCAL begins with a 
random or assumed starting configuration which is used to compute stimu- 
lus interpoint distances. The distances are then used to compute psuedo 
dissimilarity measures (6*) from a regression equation: 


sV 

<S . . = ad . . + b 
ij ij 


( 2 ) 
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with special conditions that 




( 3 ) 


whenever. 


6 . . >6 
ij st 


(4) 


MDSCAL offers alternate forms other than (2) and special techniques for 
handling tied ranks in (4) and the reader is directed to Kruskal for 
these details. The starting configuration is iteratively adjusted until 
(3) is satis.fiedi_-and.:a^_go.odness--o£-±it. measure ,r :s.fcr.ess , drs' minimized z . w 
Stress is generally measured by 



Since the minimization of stress requires an iterative algorithm 
for solution, there is the problem of obtaining a local minimum. MDSCAL 
uses a technique of steepest descent for solution search, however, which 
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seems quite robust- to the local- minimum problem as'. :evidenced- f rout sev--'~ ' 
eral studies on the sampling distribution of stress (Klahr 1969, Spence 
and Ogilvie 1973). In addition, both MDS and NMDS procedures must be 
concerned with proper choice of dimensionality, and with the statistical 
significance of goodness-of-^fit measures. Fortunately, recent studies 
have begun to address these issues.- Before these topics are"discussed, 7 . . 

however, an example of ,the;use .of- NMDS withrMD S C Atr will-- be -given-;-- 

A. 3 Hypothetical Example 

Consider an example of a hypothetical subject who judges 4 cups 
of coffee, A through D, The cups have 2, 2, 1, and 0 teaspoons of 
sugar, and 2, 0, 1, and 1 teaspoons of cream, respectively. The subject 
is asked to judge the dissimilarity of the cups and his judgments are 
. t ran s .1 at_e d,.-i n t o - the * matot^xs-iaiT?!^te^nppej?2?pajrJscjo£^djghnes^A=dsf-s!sdie2i^d--miintii3srii- 
cates least dissimilar and 6 indicates most dissimilar-. 

The cups can be represented- as points in~ a~ 2-dimens iona'l'-prop- - ' '• 
erty space (lower part of Figure A-l). Of course this space says noth- 
ing about how this particular judge views the cups of coffee. The prop- 
erty space can be looked upon as an input to the- cognitive- process , but 
it does not result from the process. The cognitive space, on the other 
hand, is purported to represent the psychological dissimilarity of the 
cups of coffee and can be derived by an NMDS analysis of the dissimilar- 
ity judgments. 

One of the first questions concerning the space deals with its 
dimensionality. What dimensionality is required to represent the 
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ilili 




dissimilarity judgments adequately. Cognitive spaces of 1 through 4 di- 
mensions were constructed from. the. dissimilarity- data, of Figure A— 1 - 
using MDSCAL. In all but the 1-dimensionaL space., . the -.stress- was. zero 
to three significant ,-figuxes ;^Jk>r— -the_Isid imensionaiiic aseji*itiwasi_..27-2s-'^:_ 
--~-T>he— f ol-iowing3-disenssi«nscawM4s^^nisca2SEt^t-hte!3fc2^aTid2?2'-diri'eirsion'afe®p'ai?'e'Sir5 

The 2-dimensional-, cognitive -space is given in— the - upper part* of ~ 
Figure A— 2 and the Shepard Diagram (named- for -Roger -Shepard whxrintro- 
duced it) is presented in the lower, .part The__(.r.otated_). cognitive— space- 

_i.S— q.u if e_.simi.Lar— to—. th e— p.r.o p ext y— s pace— ^_Xt— appea rs-^that-olimexisicns— ; 

and 2 can be- related -to the property- at t-ributesy cream- and -sugar respec- 
tively. One of the main differences is that cup D lies at an extreme 
along dimension 1 in the cognitive space, whereas D does not occupy such 
a position in ,the_ pro per_ty_s pace.. .. lhil.e_.the.— rank— ordeu-o-f—s-timulus—coor— 
dinates for dimension 2 matches that of the sugar dimension, the rank 
order of coordinates for. dimension. 1. does., not match -that of -the— cream-- - 
dimension. There is, of course, no a priori reason the order should 
match. The problem of identifying or labeling the dimensions of the 
cognitive space is discussed at length in Appendix C. 

The Shepard diagram demonstrates the satisfaction of the mono- 
tonicity criterion: for increasing dissimilarity, the recovered dis- 

tance must not decrease. The depicted relationship between these, two 
measures is nonlinear. 

Figure A-3 represents the lowest stress 1-dimensional solution 
(cognitive space) for the problem and the Shepard Diagram is in the 
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2 


3 


Recovered distance 

Shepard diagram: Dissimilarity vs. recovered distance in two dimensions 

Figure A-2.- Two-dimensional cognitive space and Shepard diagram for 
four hypothetical cups of coffee. 
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2 


3 


Figure A-. 


Recovered distance 

Shepard diagram: Dissimilarity vs. recovered 
distance in one dimension 


One-dimensional cognitive space and Shepard diagram for 
four hypothetical cups of coffee. 
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lower part of this figure. The -Shepard Diagram indicates that the mono- 
tonicity criterion was not satisfied for this solution. The configura- 
tion in the upper part of Figure A-2 suggests that the problem is with 
stimulus A; it cannot lie on the same line with the other stimuli and 
still satisfy the monotonicity criterion. The stress measures this lack 
of fit and its magnitude suggests that the 1-dimensional cognitive' space 
is an unacceptable representation of the dissimilarity judgments. 

A. 4 Statistical Analysis 
A. 4.1 Significance of NMDS Results 

Kruskal's iterative NMDS analysis technique seeks to find an 
n-dimensional spatial representation of points representing the stimuli 
such that the rank order of the interpoint distances matches the rank 

order of the input..;diss.imiLaEi-t.y;;iaeasures Theiidegree o£ -match at a - . 

given number of extracted dimensions is determined by stress which in- 
dicates the degree of non-monotonicity between the computed distances 
and the original dissimilarities. Other measures of fit have been sug- 
gested (Sherman and Young 1968, Hall and Young 1975, and Trunk 1968) but 
these have not proved to be popular. 

Kruskal (1964a) describes a resultant stress of .10 as a "fair" 
fit, .05 as "good", and .025 as "excellent." He further suggests that 
one pick the dimensionality of the cognitive space corresponding to the 
"elbow" of the stress vs. dimensionality curve — the point at which an 
increase in dimensionality gives no appreciable decrease in stress. 

Most researchers have taken- this suggestion as a criterion (if they take 
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any at all) :f or: -dimensionality 'selection in' NMDS 'analyses'." '--But' stress 
is only a descriptive statistic.- Stress may 'be due to having extracted 
fewer dimensions E than actually underlie the data, or it may be due to 
variability unrelated to the spatial representation, or both. Thus sta- 
tistical hypothesis tests are needed to test for -the true und'erlying 
dimensionality T of a particular. .matrix- of: -di ss imi Tarityr.d a ta: :f o rear . s t im- 
ulus objects,:. Desirable.-.tesfcs -are:: . - 

1. Significant :structure.cin.:the: dat'a"~~ r.- 



T = 0 


H : T > 0 


2. Tests for- -dimensionality 



T < E 


H 1 : T > E 


In neither of these cases has a completely satisfactory test 
been developed. This is because few researchers have recognized the two 
sources of stress and that separate statistical tests (i.e., those 
above) are needed to deal with these sources. A number of authors have 
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developed an. approximate test for the hypotheses. . 


H q : T = 0 


T > E 


by obtaining -the conditional- distributions of stress . given the.number -of 
dimensions extracted using Monte Carlo methods. Their work is described 
below. 

Klahr (1969), Wagennar and Padmos (1971), Stenson and Knoll (196! 
and Spence and Ogilvie (1973) have approached the problem of attempting 
to identify the underlying stress distribution by experimentation. 

Ramsay (1969) andjYoungc..( 19-7-0--)_ha.ve. treated ther problem theoretically 
but neither provide for direct application of their analyses. The exper- 
imental approaches consist of a Monte Carlo simulation in which randomly 
formed n x n matrices are analyzed by an MMDS algorithm, generally 
MDSCAL. The matrices are usually formed from random samples of permuta- 
tions of the first (n(n-l)/2 integers, which represent . dissimilarities 
(or rank orders of dissimilarities) among n stimulus objects. The occur- 
rence frequency of different stress values as a function of the number 
of dimensions extracted E are collected for selected values of n and E. 
In spite of the differences in randomization techniques or number of 
replications, the reported means and variances of these stress values 
by the various authors are quite close. This agreement justified the 
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present author ' s -.regressing -the -.stress, mean- ?and.^var ranee— overrrextractedr 
dimensionality to obtain predictions of these -parameters- 'for dimension- 
alities not considered by these authors but which were of interest to 
the present research. Based on a technical discussion by Young (1970) 
indicating that stress can be assumed to be- -normally- -distributed-- (which - 
Klahr's empirical data supports), Table A-.l- .lists- .selected- ..percentile-; - r 
points from., an -empirica±ly-rderive-d.rcumuiatxv.e:r:dis.tribat.io.n-- f unc tioru.-of 


-s tress —for .9— -and- ‘ 


number of dimensions -extracted;. . 

* 

At a chosen extracted dimensionality E, one can use these re- 
sults to test the null hypothesis Hq that the dissimilarity matrix is 
random with no meaningful structure, represented against the alternative 
hypothesis that this is not so, and that the proper dimensionality is 


T ,.-where---T^-is™ao.t~ known^.vA^reasona-bie^sdm’t-.f 


that if Hq is accepted at the number of extracted dimensions E-, then- the 
true dimensionality T, if nonzero,- is less than 'E. — When the" null-hypoth- 
esis is rejected at E, the true dimensionality is assumed to be no less 
than E. There is no direct test for the true value of T. 

- If s(E)_Ls.the observed-stress^ value_of-_the-.random- variate '.S-'at .. 
extracted dimensionality E and F(s|n,E) is the cumulative probability 
distribution function for S given n and E, then the procedure used in 
the present research is to choose T equal to the highest dimensionality 
E for which s(E) <_ s a (E) where s (E) is the stress level such that 
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TABLE A-l.- SELECTED PERCENTILE POINTS FROM CUMULATIVE 
DISTRIBUTION OF FINAL STRESS FOR DISSIMILARITY MATRICES 
AS A FUNCTION OF NUMBER’ DIMENST ON S’'EXTRACTED'* ' 


Dimensions 


Percentile 

- 


0.01: 

O; 05. 

-0.10 

-0 ^25 

-0.50 


9 

• stimuli 



1 

.277 

.308 

.325 

.353 

.384 

2 

.113 

.133 

.144 

.161 

.181 

3 

.031 

.047 

.055 

.070 

.085 

4 

.000 

.017 

.023 

.028 

.035 

5 

.000 

.005 

.009 

.016 

.023 

14 stimuli- 

1 

.409 

.424 

.431 

.444 

.458 

2 

.224 

.234 

.240 

.249 

.259 

3 

.134 

.143 

.147 

.155 

.164 

4 

.079 

.088 

.092 

.100 

.109 

5 

.045 

.054 

.059 

.067 

.077 


*Based on regression results using data obtained 
from Klahr (1969), Spence and Oglivie (1973), and 
Stenson and Knoll (1969). 
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F(s a |n,E) ~ a- 


Thus the procedure is to 


or 


and 


Accept Rq iff S CD ^ s ct^ 
Accept sM ■ ’ 

s(M + 1) > + U 


The functions s 


and s a 


are weU -behaved so that 


s(M + 1) ^ s 

s (H + 1) <-s-(M) 
cc 


Ktusk al (1964a, PP- 

In Hie development o £ tHe HOSCAX. ptocednte dtn ^ 

, • ticized tHe rationale of previous ®S procedures 

l - 2> CIlt . „ itic .l element in forming tHe distances 

variability of the data as a crrtrc lncor porated 

ratlon Torgerson 0958) , for example, 

in ‘ — ( “se V Of tHe law of comparative iudgments ("egually 

Thurstone s (19-7) algorithm to 

po into his RDS scaling § 

*- • aA differences are equal ) 

often noticed d Qr ,*lvsis. Conven- 

obtain interval scaled dissimilarity measures for . ^ „ 

tional HMDS methods (.. S- , «CA1) maHe no proven 
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error in judgment data, "although it seems likely that this situation 
arises in practice. The error could, in fact, he caused by the sub- 
ject’s inconsistency in replicating judgments, or it could originate 
with the researcher's imprecise tools in measuring the judgments, or 
both. The source is really irrelevant — the importance lies in acknowl- 
edging the existence of error and incorporating error' in - the, considera- 
tion of dimensionality analysis. Although no one has stated it to date, 
it would appear that "stress should be ' considered to' be a multivariate 
probability distribution function dependent upon true dimensionality T, 
extracted dimensionality E, and judgment data error e such that 


S = f(T, E, e) 


The next section reviews studies which have examined special cases of 
this distribution function. 

A. 4. 2.1 Dissimilarity Data With Error . A rather large number 
of studies (Sherman and Young 1968, Young 1970, Wagennar and Padmos 
1971, Sherman 1972, Issac and Poor 1974, and Cohen and Jones 1974) have 
been conducted to assess the "robustness" of HMDS when varying degrees 
of systematic error were built into the input dissimilarity data. Their 
technique was to randomly perturb a fixed but arbitrarily chosen spatial 
configuration of points of known dimensionality T. The perturbation was 
introduced by multiplying each interpoint distance by a variate with dis- 
tribution N(1,0 2 ) where a took on various values. MDSCAL was then used 
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to scale theimiodified: .distances:n(:t'aken: as: -dT-ssmil'arit.yr.meusuresr)-~-''and"'ex-- *■' 
tract the same number of dimensions as the original (error-free") 'configu- 
ration (i.e., E = T). The resulting value of stress was noted in each 
case. Finally, this procedure was repeated in a Monte Carlo fashion and 
provided an empirical - sampling -distribution- of stress -when- recovering a- - - 
configuration of known dimensionality, which h a d: b e e n%:s ubjecf e dr± o_/er r o r.i ’ r.~ 
With" the...exce.ptionsuof_ .Wage nnar -P admasr-aird-ttsB ac±:P-ocr-',.:ath£se:a..a^, eu.. 

^Mont e_ Carlo.t-s tudiasad-id:anote:du-al--^.pac'Efxca:ld, , yawxthr. the -a p ~Kobi"em'ro- £- - -d ' eLe r^":r_-;: 
mining -the true, hut-unknown-, ditnens ionaii-ty- of '~a''-cottf-iguratTOTK~"''~~- — ' — 
Shepard (1966) found that the true configuration was found satisfacto- 
rily with "moderately high" amounts of error added, but there was no men- 
tion of the problem of finding the true dimensionality when it is not . 
known a priori . 

- . -A..4..-2 .,2_- ■Probab-if-ity^d3.is:tx.ibu.tlona^of^Trtuj5^imensi-ouahlhx/i r-r:T:s r s a -C ^:'"'r 

and Poor (1974) described -an elegant approach- by- defining- an- "index“of 

"constraint" C for a NMDS solution 


C k = E [S(k) ] - s (k) 


where 


E [s(k)3 = expected stress of a configuration based on random 
data with extracted dimensionality k 
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s(k) = sampled stress - from' a - configuration with extracted ' 
dimensionality k 

The authors argue that the true dimensionality T should be chosen such 
that 

C T = max C k 

The primary virtue - of the -index "is- its" simplicity; 'having a rough an'aT- ‘ 
ogy to hypothesis testing of means. An obvious drawback is that it 
gives a single point estimate of true dimensionality since it does not 
use the entire stress distribution. 

While the previous authors analyzed dissimilarity data and ex- 
-tract-ed t-he s ame -^number- - , of ~d xme nsi onszi.asait h e^or.-iglnal^-f-e-r.r o r — f reejrrco 
figuration (i.e., E = -T), the Wagennar and Padmos (1971) study was 
unique in that these authors extracted dimensionalities other than the 
"true" dimensionality (i.e., E f T). Their study produced an empiri- 
cal sampling distribution for stress as a function of any dimension- 
ality extracted (less than 5), given a known true dimensionality and 
error distribution N(l,a^). This is a significant contribution since 
a researcher generally does not know the true dimensionality, and the 
Wagennar-Padmos study provides additional information whereby one may 
determine the most probable dimensionality. 

Their procedure involves plots of stress against amount of error 
introduced, with a different curve being plotted for each extracted 
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dimensionality. A different set of such plots is required for each 
true dimensionality T and number of points n. Thus, their procedure, in 
effect involves comparing an obtained stress curve s(E) with curves with 
known true dimensionality and amount of error F(sjE, T, N(1,0^)). The 
authors’ example suggests that one select that true dimensionality T for 
which the interval defined by one standard deviation from the mean 
stress contains the sampled stress. for E = T, given a known error distri- 
bution. This procedure is illustrated in. Figure -A-4; .. In this example, 
the "true" dimension should be selected as 2 ; the stress is too high for 
T to be 1 and too low for T to be 3. The implied strategy is to reject 
as true, dimensionalities which give extreme values of stress. 

Based on their brief example, it appears that Wagennar and Padmos 
did not realize the possible limitations of their approach. First, the 
authors appear, to ignore^ the_sample-_ stress, values. when.E- # _T.;_. the-ir. . 
example only examined the stress values when E = T. Second, they do not 
address the possibility of Type I and Type II errors. That is, the sug- 
gested procedure could easily lead to rejection of the true dimension- 
ality or acceptance of an untrue dimensionality. 

A.4.2.3 Suggested Procedure . The proper dimensionality underly- 
ing a set of dissimilarity data could be posed in the form of hypotheses 
and a probability could be formed concerning the truth of each hypothe- 
sis. The probabilities could be derived from likelihood ratios 

f[s(l), s (2) , s(m)j lh , e] 

L ij f[s(l), s (2) , . .., s Cm) j Tj , e] 
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Distribution for true dimensionality 


T ~ 3 T = 2 T = 1 



Sampled' stress, s(E) 


Figure A-4.~ Distributions for sampled stress for extracted 
dimensionality, s(E) , given a true dimensionality T and 
error distribution: Example problem. 


which provides the likelihood that the sampled stress history s(E) in 1 
to m dimensions would result from a set of dissimilarity data having an 
underlying dimensionality of rather than Tj , given an error .e in the 
data. This technique would require, however, joint multivariate proba- 
bility distributions of stress. Unfortunately, previous studies con- 
sidered or developed only conditional distributions. Generating the 
required joint, probability .distributions . was considered to. be. an., effort 
beyond the objectives of this research. - - 
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APPENDIX B 


AN OVERVIEW OF THE INDSCAL MODEL 
B.l Introduction 

Multidimensional scaling (MDS) was originally developed to de- 
termine a Euclidean space underlying a two-way matrix of dissimilarity 
data; two-way meaning n stimuli are compared with each other and the 
resulting data are represented by a two-dimensional matrix. But situa- 
tions arose in the social and behavioral sciences, and elsewhere, in 
which several dissimilarity matrices for the same stimuli were availa- 
ble and a three-way MDS was needed; n stimuli are compared with each 
other N times and the. dissimilarity data are represented by a three- 
dimensional matrix. One would generally like to account for all of 
these data matrices in a single comprehensive analysis, based on an ap- 
propriate and psychologically plausible model. The most typical situa- 
tion arises when one wishes to compare dissimilarity matrices for each 
of N different individuals. The INDSCAL (Individual Differences Scal- 
ing) method (Carroll and Chang 1970) derives its name from just this 
situation. INDSCAL offers some special advantages over other three- 
way methods (such as Tucker and Messick 1963, Bloxom 1968): (a) unique 

determination of dimensions which eliminates (in most cases) the need 
for rotation of coordinate axes to obtain interpretability ; (b) a com- 
posite multidimensional space with respect to which different "cognitive 
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types" can be directly and reliably compared; and (c) quantitative in- 
formation about the cognitive saliences of different dimensions for each 
subject, and about the degree to which the multidimensional space as a 
whole reflects the perceptions or judgments of any individual. 

B.2 The INDSCAL Model 

The input to INDSCAL normally consists of two or more dissimilar- 
ity matrices, all pertaining to the same stimulus objects. Each matrix 
typically represents one subject's dissimilarity data, but it could be 
one judgment context, as in this research. It is assumed that a set of 
M dimensions underlie n stimuli and these dimensions are common to the 
N cognitive spaces (or individuals). For example, it is as if different 
individuals perceive the same stimuli in terms of a common set of dimen- 
sions but that -these: dimensions are differentially important or- salient 
in the perception by these individuals. If the salience is zero, the 
corresponding dimension does not affect the subject's cognition at all. 

Distances between stimuli are linearly related to a kind of modi- 
fied Euclidean distance between points representing stimuli in a compos- 
ite cognitive space. The mathematical equivalent of this assumption is 


6 


ijk 


ad . . , + b 
ijk 


( 1 ) 


where <5ijk is the dissimilarity associated with stimulus pair ij in 
matrix k (for subject k) , while d^j^ is the derived Euclidean distance 
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between these stimuli for subject k computed from his unique dimension 
weights and the stimulus coordinates in the common cognitive space. The 
modified Euclidean distance for subject k is given by 



where X£ t is a stimulus coordinate representing the value of stimulus i 
on dimension t and w^ t represents the salience or importance of dimen- 
sion t to subject k in forming the dissimilarity judgments. The 
symbol = means approximation in a least sum of squares sense. 

The parameter b- in equation (1) is chosen such that the computed 
distances will satisfy the triangle inequality. Techniques developed by 
Torgerson (1958) are used. This transformation is necessary since 
INDSCAL assumes that the input dissimilarity data are defined on an in- 
terval scale (at least). A judicious value of b will produce minimum 

dimensionality m. The parameter a (non negative) is chosen by the pro- 

\ 

gram and serves only to scale the common configuration. 

The INDSCAL procedure determines, by means of an iterative least 
squares procedure, the stimulus coordinates common to the group and di- 
mension weights unique to each subject that maximally account for the 
variance in all the dissimilarity data (the variance is the goodness- 
of-fit measure). (See Carroll and Chang for mathematical details of the 
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algorithm.) When the stimulus space is normalized so that the sum of 
squared coordinates on each dimension equals one, a subject's weight on 
a dimension is approximately equal to the product moment correlation be- 
tween differences in stimulus coordinates on that dimension and dissimi- 
larity values in that subject's matrix. The squared weight indicates 
the proportion of variance in the matrix which can be accounted for by 
that dimension. The square of a weight underestimates the proportion of 
variance accounted for it when, as is frequently the case, the dimen- 
sions of the common space are correlated. If, however, the dimensions 
of the space are orthogonal, then the square will exactly equal the pro- 
portion of the variance accounted for. A dimension weight of zero can 
be thought of as meaning that the attribute associated with the dimen- 
sion is irrelevant to the subject when he makes his judgment; i.e., he 
just does not - perceive the stimulus- differences specified bythe dimen- 
sion, or in any case, acts in that particular task as if he does not. 

The procedure used in the research on context differed, however, 
from the usual application of INDSCAL. A modified version of INDSCAL 
(written by this author) accepts individual cognitive spaces (configura- 
tions) as input previously determined by the MDSCAL program from indi- 
vidual dissimilarity data), computes the interpoint distances based on 
the input space, and uses the distances as dissimilarity data. Since 
only interval scaling is required of the data, the parameter b is dis- 
carded in equation (1) and the usual INDSCAL procedures is applied. 
Effectively, this ad hoc version of INDSCAL accepts individual cognitive 
spaces from one subject under several judgment contexts, and produces 
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a master cognitive space. A master space refers to a cognitive space 
for one individual that is common to several judgment contexts and dimen- 
sion weights which are unique to each context. The basic interpretation 
is that the individual acts as if he had the master space at his dis- 
posal and different rally weights dimensions' according* to— the context. ' 
The weights indicate how the subject emphasizes or uses certain dimen- 
sions in certain contexts and a change in weights demonstrates the ef- 
fect of context. 

B.3 Hypothetical Example Using INDSCAL (From Carroll 1972) 

Consider an example in which 9 subjects judge 4 stimuli, A 
through D. The common cognitive space in the upper left of Figure B-l 
shows the stimuli arranged in a lattice configuration; the subject space 
in the upper right shows the weights or perceptual saliences of the di- 
mensions for the 9 hypothetical subjects. These weights can be thought 
of as stretching factors that if applied to the dimensions of the group 
stimulus space would produce the individual space. 

The differential weights have the effect of producing, for each 
subject, a "private" cognitive space by rescaling (stretching and con- 
tracting) the dimensions of the common space. In the illustration, for 
example, subject 3 has equal weights for the two dimensions. His pri- 
vate space would therefore look exactly the same as the common space 
(except for an overall scale factor that could stretch or contract both 
dimensions uniformly, leaving their relative saliences unchanged). 
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Master cognitive space 
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Subject weight space 
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C 


Subject 2 cognitive space Subject 4 cognitive space 

Figure B-l.- Hypothetical illustration of INDSCAL: Individual 

differences in multidimensional scaling. 
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The private spaces for subjects 2 and 4 are shown in the lower 
left-hand and right-hand corners of Figure B-l respectively. Subject 2, 
who weights dimension I more highly than dimension II, has his cognitive 
space compressed along the dimension II axis (or what amounts to the 

same thing, stretched' in the 'dimension -I— direction) v"The-*reverse ap 

plies to subject 4 who has a higher weight on the second than on the 
first dimension. 

Although subjects 3 and 7 have the same pattern of dimension 
weights, a higher proportion of the variance in subject 3''s data can be 
accounted for by the hypothetical INDSCAL solution. The data for sub- 
jects closer to the origin are generally less fully accounted for by the 
analysis, so that all dimensions of the common space are less relevant 
for them. The lower commonality for subjects closer to the. origin may 
be due to their being idiosyncratic dimensions not contained in the 
M-dimensional solution or to lower reliability (more random error) 
in their data. 

Subject 9, who is precisely at the origin, is completely removed 
from this analysis. Either he responded randomly or he appeared to do 
so by responding reliably to a completely different set of dimensions. 
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appendix c 


COMPARISON OF SPATIAL COGNITIVE MODELS 
C . 1 Summary 

Comparison between spatial cognitive models is Important when 
the effects of context on the models are to be investigated. Comparison 
distinguishes differences in cognitive models due to context change from 
differences due to inconsistency of subject response or instability of 
the cognitive spaces over time. This Appendix reviews techniques re- 
lated to a matrix similarity transform that was used to compare two 
spaces. Disadvantages of each technique are identified. Finally, a ma- 
trix similarity measure (MSM)' used in this rese'arch' for 'cognitive spa'ce 
comparison is described along with certain statistics for testing hy- 
potheses concerning the relationship between two cognitive spaces. 

C. 2 Introduction to the Problem 

The researcher may often want to compare the result of two multi 
dimensional scaling solutions (i.e., cognitive spaces). Comparison is 
especially important when the effects of context are to be investigated. 
If a cognitive space is replicated with the same context, a comparison 
is needed to determine if the space is sufficiently stable or defined to 
serve as a basis for quantifying subsequent changes. If the context is 
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varied between two cognitive spaces, then a comparison can identify the 
changes in the spaces . 

Comparisons may be simple if the spaces are 2-dimensional and 
"look" the same. However, a comparison index is still needed to quan- 
tify space similarity and often the dimensionality is larger than 2 mak- 
ing visual comparison quite, difficult. Sometimes,- the; dimensionality of 
the two spaces may not be the same. Since the cognitive spaces can be 
represented as n x' m rectangular matrices (n stimuli x m dimensions), 
most of the techniques to be discussed approach the problem of cognitive 
space comparison as a matrix comparison problem and that convention is 
adopted here. If A and B are two cognitive spaces, B is said to compare 
to or "fit" A if a matrix similarity transform S can be found such that 


A = S(B) 


where A is an approximation to A. A similarity transform does not af- 
fect the rank order of the stimulus object interpoint distances defined 
by the cognitive space. The goodness of the approximation or the fit is 
given by f(E) where E denotes an error matrix or a "spatial difference" 
between A and B; 


* ❖ 
E =! A “ A 
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and where f is a monotonic decreasing function of the norm of E, bounded 
between 0 and 1 (perfect fit). The matrix comparison techniques re- 
viewed in the next section differ in the generality of the similarity 
transform S, or in the fit metric f. 


C.3 Review of Previous Comparison Techniques 
C.3.1 Identity Transform . 

One f re quent ly ^occurring, '_Cechnique.r.uses.^the^.i'dent-i'ty-'. matrix 

for a similarity transform and compares B directly to A; i.e., 

A = BI 


or 


A = B 


and 


E = A - B 


The goodness of fit measure is the product moment correlation r of in- 
terpoint distances d calculated from the n x m matrices (e.g., Green, 
Maheswari and Rao 1969), i.e., 


Fit = 



Similarity transforms allow orthogonal rotations, translations 
and rescaling, but the identity transform does not. Consequently, this 
restriction may mask possible systematic relationships between the two 
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spaces, so that very precisely related spaces will be rejected as being 
different. Furthermore, as Cohen and Jones (1974), among others, have 
pointed out, the use of r has certain undesirable properties: 

1. Since r is computed on all n(n-l)/2 interpoint distances which 
are intrinsically interdependent, displacement of a single point in a 
space affects -n— 1 interpoint distances; In this- manner, a. large dis- 
placement of one or two points in a space could lead to a misleading 
value of r. 

2. The coefficient r is not a suitable measure of the relationship 
between two ratio scaled variables (i.e., distances) since r is invari- 
ant under transformation of either or both variables by an additive con- 
stant whereas distances are not. 

C.3.2 Orthogonal. Rotation .... 

Cliff (1962) proposed an orthogonal rotation to replace the 
rigid identity transform and later operationalized the technique 


A = 


BP 


where P was now an m x m orthogonal rotation matrix (Cliff 1966b). 
Schonemann (1966) produced a similar technique but his solution is an 
optimal one for minimizing the sum of squares of the error matrix E, 
(i.e., trace EE' is minimized) and is more amenable to computer imple- 
mentation. The problem with Schonemann' s solution is that it does not 
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allow the general similarity- transformation; -matrix~transl-atron"and~dila 
tion are lacking. 


C.3.3 General Similarity Transform 

Goodness of fit in nonmetric multidimensional -scaling (NMDS) - 
is generally assessed in terms, of the. degr.ee...ofrmonotonicrtyc.between- 
observed dissimilari.ty_measures;rand -.the. intenpointidisfances of/, the-; . 
reproduced configuratlair-as:rmea3ux.ed.rbyr.s±r:essr;(;seee:Appendix-.rArfor-:.f ur-r 

ther details)-.-- The-coordinates—of the reproduced~conf rguration -(spa 

tial cognitive model) are arbitrary in the sense of being defined up 
to a similarity transform; a central rescaling (a uniform expansion or 
contraction for every coordinate axis), a translation (a shift of the 
origin), and a rotation of the entire configuration, as these transfor- 
mations in no' wa-ye af f ecJrr.ther.mono tonicity measure' > ofeairreasx-,~-S:inee_-'ar-£=s 
cognitive space is uniquely defined only up to a similarity transform, 
two cognitive spaces- ought to be compared -by- assuming that a- similarity- 
transform exists between the two. Schonemann and Carroll (1970) de- 
veloped such a procedure 


A = cBT + GH 1 


where G* - (1, 1, . . .,1) and where the orthogonal m x m matrix T, the 
m x 1 vector H, and the scalar c are to be chosen so as to minimize 
trace EE'. Schonemann's computer program (a copy of which he supplied 
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to the author) provides a solution to this problem and has been used 
throughout this research for comparing cognitive spaces. 

Schoneraann and Carroll (1970) also proposed two measures of fit. 
These were later criticized by Lingoes and Schonemann (1974) as being de 
pendent upon the norm of the target matrix A; i.e, the goodness of fit 
to A would be different from that to kA where k is a scalar constant. 
Lingoes and Schonemann instead proposed the goodness of fit measure F 

F (trace T'B'WA) 2 

trace B’WB • trace A'WA 

where W = I - (GG'/n) 


F is norm invariant ‘and -~bounded~by * 0 “■(per feet -fit-) *and- 1. "A'more in 

tuitively satisfying matrix similarity measure MSM was defined by the 
present author as 


1 

MSM = (1 - F) 2 


MSM is also norm invariant and bounded by 0 and 1, where 1 means cogni- 
tive spaces A and B are identically related by a similarity transform. 
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C.4 Significance Data for MSM 


The MSM (or its equivalent F) is a descriptive measure for a 
goodness of fit between two cognitive spaces. No significance test, how- 
ever, was proposed by Lingoes and Schonemann, and with the exception of 
a product moment correlation measure of fit, no significance test is 
available for any comparison technique. Since a comparison index and a 
significance test for space comparison were essential to the objectives 
of this research, an empirical distribution for MSM was generated. 

Matrices A and B were generated randomly for various values of 
n and m, using coordinates uniformly distributed between 0 and 1. The 
choice of the uniform distribution follows Sherman (1972) and is sup- 
ported by empirical evidence from this research which suggests that the 
distribution of stimulus coordinates appears uniform. Then, in keeping 
with most NMDS procedures,' 'the' matrix columns were -- shifted and scaled 
to give aero mean and unit variance. Finally the goodness of fit meas- 
ure MSM was computed between matrices A and B and the results accumu- 
lated for 1000 pairs of A and B. Table C-l presents selected percent- 
ile points from the empirical cumulative distribution of MSM for 9 and 
14 stimuli. 

As an example, suppose two cognitive spaces existed for 14 ob- 
jects in 3 dimensions. If the MSM between the two spaces was found to 
be .626, then Table C-l indicates there would only be a .01 probability 
that two random spaces would produce a higher value of the MSM. Then 
one might state with 99% confidence, that such a fit did not come from 
random cognitive spaces. 
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TABLE C-l.- CRITICAL VALUES FOR THE GOODNESS-OF-FIT MEASURE (MSM) 
BETWEEN TWO RANDOM COGNITIVE SPACES* 

P{MSM <_ tabulated value} = y 


Dimensions 

■ ■ 


y equal 

to — 



0.001 

0.010 

0.050 

0.950 

0.990 

0.999 

9 stimuli 

2 

080 

124 

184 

649 

733 

816 

3 

192 

258 

324 

672 

748 

822 

4 

291 

360 

412 

709 

756 

802 

5 

381 

436 

490 

746 

788 

830 

6 

453 

499 

550 

774 

799 

859 

14 stimuli 

2 

048 

096 

150 

520 

641 

708 

3 

139 

194 

251 

548 

626 

705 

4 

253 

277 

323 

574 

619 

645 

5 

289 

342 

384 

606 

655 

678 

6 

365 

395 

442 

635 

679 

716 


*Decimals omitted. 
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The significant test used above assumes for a null hypothesis, 
that the two cognitive spaces A and B are independent and randomly gen- 
erated with uniformly distributed coordinates. This would be a conserva- 
tive hypothesis when the effects of context change are being examined. 
For this hypothesis to be accepted a changed context must completely 
change a cognitive space, making it appear independent of 'the cognitive 
space prior to the context change. The significance test, however, is 
weak when cognitive space stability is analyzed since the sampling dis- 
tribution for the test 'statistic under the alternate hypothesis that the 
two cognitive spaces are not independent is unknown. 
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